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opinions advanced in its pages. 


Sranklin A(nstitute. 


Hatt or THE Institute, April 19, 1876. 


The stated meeting was called to order at 8 o'clock, P. M., 
the Vice-President, Chas. S. Close, in the chair. 

There were present 188 members and 18 visitors. 

The minutes of the last stated meeting were read and approved. 

The minutes of the Board of Managers were presented, showing 
that at their last meeting, seven persons were elected members of 
the Institute, and the following donations were made to the library: 


Results of an Experimental Inquiry into the relative properties of 
wrought iron plates, manufactured at Essen, Rhenish Prussia, and 


Wuote No. Vou. Cl.—(Tarrp Series, Vou. LXX1.) ; 21 


ee 


Pears 


ee BEE 


ee ee a ee 


Fete a te ee ee Tee 


A gD RES BOL oy RG ol EE yO CB RA MM he NF TO, ag? ie 
Sec rm = 


Pim 3h eer 


2 ce 
3 


nag = 


= - 
- i Fey 


2 ae 


eet, 


ae 


eae 
Pris 2 


oe, 
aah 


NN a> aoe 
Sears 


is ema 
War Dace 


= 


eee 
oe a ae 


= 


ee, 


= 


290 Proceedings of the Franklin Institute. 


Yorkshire, England. By David Kirkaldy. London, 1876. From 
the Author. 

Historical sketch of Union College [now a branch of Union Uni- 
versity |. founded at Schenectady, N.Y., February 25th, 1795. Wash- 
ington, 1876. From the Dept. of Interior. 

Annual report of the Chief Signal Officer, to the Secretary of 
War, for the year 1875. Washington, 1875. From A. J. Meyer, 
Brig. Gen. and C.8.0., U.S.A. 

Bi-metallic money, and its bearings on the monetary crises in 
Germany, France, England, and the United States; by Henry Cer- 
nuschi. Translated from the French. Second edition, London, 
1876. 

La Monnaie Bimetallique par Henri Cernuschi. Paris, 1876. 
From the Author. 

Report on Vienna Bread, by E. N. Horsford, of the U. 8. Scien- 
tific Commission to the International Exhibition, Vienna, 1873. 
Washington, 1875. From the Author. 

Circulars of Information of the Bureau of Education ; Nos. 1-8, 
1875. Washington, 1875. From the Bureau of Education. 

Specifications and Drawings of Patents. U.S. Patent Office, Oc- 
tober, 1875. From Commissioner of Patents. 

British Patent specifications issued November 20th, 1875, to Feb- 
ruary 12th, 1876. 

Commissioner of Patents Journal, from No. 2282, November 
16th, 1875, to No. 2307, February 11th, 1876. 

Chronological and Descriptive Index, from No. 20, May 6th, 1875, 
to No. 82, August 4th, 1875. 

Abridgments relating to Production and Application of Gas (ex- 
cepting gas engines). Part II, 1859-66. London, 1875. And 
Preparation of India Rubber and Gutta Percha, 1791-1866. Lon- 
don, 1875. 

Index to Foreign Scientific Periodicals contained in Patent Office 
Library, Vol. 7, 1872. London, 1876. 

Index to Comumissioner of Patents Journal, for 1875. London, 
1876. 

Three Drawings to be inserted in Specification No. 1801 of 1875. 
From Commissioner of Patents, London. 

Court of Common Pleas No. 3, of Philadelphia Co., in equity. 
The Children’s Hospital, et al., vs. Henry Bumm, et al. Complain- 
ants’ Affidavits on motion for Injunction to restrain continuance of 
Gas Nuisance. From Robert Briggs. 

Dept. of the Interior. Bulletin of the United States Geological 
and Geographical Survey of the Territories, Vol. 11, Nos. 1 and 2. 
Washington, March 21st, and April Ist, 1876. From the Dept. 


The following proceedings had at the last stated meeting of the 
Board, were also reported : 
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‘Resolved, That the President is hereby authorized and requested 
to appoint twenty-six members of the Institute, to be entitled a Re- 
ception Committee, whose duty it shall be to take charge of the re- 
ception room and attendant in Machinery Hall, and be so subdivided 
that at least one of its members shall be in daily attendance at the 
reception room, to receive visitors, and give them such information 
as they may desire.” 


“* Resolved, 'Yhat the printed notices of monthly meetings of the 
Institute be discontinued, and that the meetings be advertised by the 
committee on meetings. 

The Secretary reported that at the meeting of the Committee on 
Sciences and the Arts, held on the 5th instant, the award of the 
Scott Legacy Medal and Premium, was recommended to Morris L. 
Orum for his Flexible Mandril for bending metal pipes. 

The special committee on the Metric System of Weights and 
Measures, presented a report signed by Messrs. Coleman Sellers and 
W. P. Tatham, which was read by the Secrete~y. 

Mr. Robert Briggs from the same committee presented a Minority 
Report, and proceeded with the reading, but before its completion 
it was 


** Resolved, That the further consideration of the subject be post- 


poned to the next stated meeting.” 


Owing to the lateness of the hour, and with the consent of the 
author, the reading of H. Bilgram’s paper on the “ Temperature of 
the Sun,” was fixed for next meeting. 

The Secretary then presented his report embracing Clark’s Com- 
bination Lock; Bilgram’s Valve Gear for variable expansion; 
Houghton’s Automatic House Pump, illustrated by a working glass 
model; and Chambers’ Archimedean Brick Making Machine was 
illustrated by a working model of one-fourth size, driven by a steam 
engine on the stage, and described by Mr. Cyrus Chambers, Jr., 
the inventor. 

On motion, the meeting went into the election of a Vice-Presi- 
dent, and the chair appointed Messrs. J. W. Nystrom, C. Chabot, 
and Hector Orr, as tellers. 

The chair announced that Messrs. H. G. Morris and C. M. Cres- 
son were placed in nomination at the last meeting, and that further 
nominations were in order. 

Messrs. T. Morris Perot, Henry Cartwright, and W. P. Tatham 
were nominated, but the last two declined. 
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On motion, a recess of five minutes was taken, for the purpose of 
preparing the ballots. 

After the votes had been taken, the tellers reported that 88 bal- 
lots had been cast, of which H. G. Morris received the majority, 
whereupon the chair declared Mr. H. G. Morris elected to fill the 
vacancy caused by the resignation of Mr. B. H. Moore. 

On motion, a committee, consisting of Messrs. Coleman Sellers, 
W. P. Tatham, and Henry Cartwright, was appointed to present the 
names of suitable persons to be elected Honorary and Corresponding 
mem bers. 

On motion of Mr. Briggs, the Committee on Publication was re- 
quested to publish the majority and the minority reports on the 
wetric system of weights and measures. 

The Secretary read the following names of members appointed to 
the various standing committees of the Institute: 

On Library.—Chas. Bullock, Sam]. Sartain, W. P. Tatham, Jos. 
M. Wilson, Pliny E. Chase, Robert Briggs, J. B. Knight, B. H. 
Moore, J. W. Nystrom, Dr. Isaac Norris, Jr. 

On Minerals.—Dr. F. A. Genth, Theo.. D. Rand, Clarence Be- 
ment, Persifor Frazer, Jr., Dr. W. H. Wahl, E. J. Houston, Otto 
Luthy, Robert Grimshaw, E. F. Moody, Dr. Geo. A. Keenig. 

On Meteorology.—Pliny E. Chase,Hector O11. Lr. Isese Nessis, 


wJr., John Wise, J. E Mitchell, Jas. A. Kirkpatrick, David Brooks, 


Alex. Purves, Dr. W. H. Wahl. 

On Models—H. L. Butler, Edward Brown, M. L. Orum, J. 
Gehring, L. L. Cheney, A B. Bary, C. Chabot, J. B. Knight, 8. 
Lloyd Wiegand, H. R. Heyl. 

On Arts and Manufactures.—A. B. Bary, Geo V. Cresson, 
Hector Orr, Coleman Sellers, Jr.. W. B. LeVan, Wm. Helme, H. 
W. Bartol, J 8. Bancroft, Alfred Mellor, Cyrus Chambers, Jr. 

On Meetings.—H. Cartwright, B. H. Moore, Saml. Sartain, Wash- 


‘ington Jones, J. B. Knight, C.8. Close, P. E. Chase, W. P. Tatham, 


J. S. Bancroft. 
Mr. Orr presented the following, which was adopted : 


WHEREAS, the present signal service has most emphatically vindi- 
cated the anticipations of scientists, in furnishing valuable practical 
information to important interests, both on sea and land. Therefore, 

Resolved, That we cordially commend the establishment of said ser- 
vice on a permanent basis, under ample provisions for its general in- 
troduction throughout our coasts, as well as inland, and respectfully 


.invite the action of Congress on this subject. 


On motion, the meeting then adjourned. 


J. B. Kstant, Seeretary. 


Electricity vs. Gas. 


ELECTRICITY VS. GAS. * 


The Great Northern Railway Company of France has undertaken 
a series of experiments which seem to indicate the approach of a great 
revolution in the mode of lighting public buildings and thoroughfares. 
To judge from the reports recently published, electricity seems des- 
tined to eclipse gas altogether. A few weeks ago a three-horse power 
Gamme machine was employed to light the luggage department of the 
Paris Great Northern Railway station. This room or hall measures 
20,000 cubic feet, and is generally illuminated by twenty-five gas- 
burners. The new electric light was placed at a distance of 10 metres 
from the ground, and gave a light of a peculiarly soft character, which 
rendered the use of the dull globe employed to check the irritating 
glare of gas quite unnecessary, —a fact of some importance, as it 
tends to augment the economy realized by the new system. The light 
continued to burn the whole evening with great regularity, excepting, 
of course, when it was purposely lowered. The success attained was 
so conclusive, if we may believe accounts, that the company intend 
illuminating the vast structure, containing 300,000 cubic metres of 
space, where the trains arrive, by the same process. For this purpose 
electric lanterns, if we may so call them, of exceptional power, will be 
placed at a height of 20 metres. They will be placed at the four 
summits of a rectangle, so there will be no shade or dark corner in the 
whole edifice. The goods station at La Chapelle will also be lighted 
in a similar manner. 

M. Tresca, an energetic advocate of the electric system, has been 
able at last to estimate the amount of power required to produce a 
given quantity of light by the magneto-electric machines. In this 
respect former experiments had been eminently unsatisfactory, and 
M. Tresca gives an exhaustive description of all the difficulties that 
had to be surmounted, in a report which is inserted in the minutes of 
the Academy of Science. The results have been obtained chiefly 
from two machines ; the first giving a light equivalent to 1,850 carcel- 
burners, that consume forty grammes of oil per hour, aud the second 
equal to 302 similar burners. With the former it is easy to read at 
a distance of 21°50 m., and with the latter at 7-70 m. The reflection, 
also, from the walls is so strong that persons can read at these dis- 


* From the Builder, April Ist, 1876. 
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tances even when holding the book with its back to the light. From 
a lamp equal to a hundred burners the same result can be obtained 
at a distance of five metres. Four electric lamps of this power have 
been use during the last year in the factory of Messrs. Heilmann, 
Ducommun, & Steinlen, of Mulhouse, and give a satisfactory light 
over an area of 1,850 square metres. The most important and 
crowning fact, however, is the assertion that the electric light is a 
hundred times less expensive than oil, and fifty times cheaper than 
gas. Should a prolonged and practical application of the new system 
prove this startling comparison to be correct, we may look forward to 
a great change, which will ultimately compel the gas-makers to, at 
any rate, make a great alteration in their scale of charges, if it should 
not interfere even more seriously with their interests. 


New Bridges—Approaches to the Centennial Grounds.— 
In order to complete the approaches to the Centennial Grounds, three 
bridges over the tracks of the Pennsylvania Railroad are now being 
constructed, and will all be finished shortly. They are located at 
Fortieth and Forty-first streets, and at the intersection of Belmont 
and Girard avenues, and are built by the Pennsylvania Railroad 
Company, which shares the expense with the city. The bridge at 
Fortieth street is estimated to cost $87,068; that at Forty-first street, 
$67,980, and that at the intersection of Belmont and Girard avenues, 
$300,000. 

The bridge at Fortieth street is of wrought iron, and is built on 
the principle of the “‘ Ordish Rigid Suspension Bridge.” It consists 
of three spans—a centre span of 171 feet 11§ inches, and two side 
spans of 74 feet 11 9-16 inches, making a total clear span from 
abutment to abutment of 321 feet 10}? inches, and will give room on 
the railroad beneath for 22 tracks. It is placed at such an elevation 
as to give a clear height below of 17} feet above the Pennsylvania 
Railroad tracks. It is 60 feet wide, with outside walks 10 feet wide 
on each side, leaving a roadway of 40 feet. The towers are four in 
number, situated at either end of the centre span, and are 60 feet 
high, surmounted by ornamental iron spires, topped of with wrought 
iron vanes. They are of wrought iron, resting on stone foundation 
piers. The main cables rest on the towers, 42 feet above the floor. 
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The peculiarity of this style of bridge is that the cable rests on the 
tower exactly at the centre of its length, and is attached to the bridge 
at each of its ends, thus making the weight of the bridge balance on 
the tops of the towers, and avoiding the necessity of anchoring the 
ends of the cables. The suspension cables are of wrought iron links, 
with pin connections. The lower chord is of boiler plate, and wrought 
iron cross girders are placed at every eight feet, supporting timber 
floor joists, which run lengthwise of the bridge. The roadway and 
footways are covered with a sub-flooring of white pine, and above 
this, on the roadway, a flooring of three-inch white oak. On the 
footways is a second flooring of yellow pine. The bridge is strong 
enough to bear a load of 4,800 pounds to the linear foot. The bridge 
is very handsome in appearance, having footways of tasteful design. 
‘The towers are also elaborately ornamented. The bridge is finished. 

The Forty-first street bridge is on the stiffened triangular truss 
system, and is not so ornate in appearance as the Fortieth street 
bridge. It consists of one span, 209 feet 3 inches long in the clear, 
and is placed at such an elevation as to give a clear height below of 
17} feet above the railroad. The bridge is 60 feet in width, having 
two trusses with outside sidewalks. The material of the trusses is 
wrought iron, and wrought iron girders are suspended from the trusses 
about every 10} feet. These support timber floor joists. The floor- 
ing is similar to that of the Fortieth street bridge, and the structure 
will bear about the same weight. 

The bridge at the intersection of Belmont and Girard avenues is 
an iron truss structure, and is crossed at right angles by Belmont 
and Girard avenues. It is 360 feet wide on the southwest side and 
240 feet wide on the northeast side. It is 300 feet long in the centre 
of Girard avenue and 150 feet in the centre of Belmont avenue, 
leaving room on the Pennsylvania Railroad for ten tracks. There is 
already a good iron bridge carrying Belmont avenue over the track, 
and this bridge has been widened 100 feet. Another bridge of the same 
width has been constructed at Girard avenue. The bridges thus run 
together, making one complete structure, resting upon the same abut- 
ments, in the form of an irregular cross. It is one of the largest 
street bridges in the country.—From the Public Ledger, Philadelphia, 
April 26th, 1876. 
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Bibliographical Notice. 


A Practical TREATISE ON Roaps, STREETS, AND PAVEMENTS.—By 
Q. A. Gillmore, A.M., Lieut. Col. U.S. Corps of Engineers, 
Brevt. Major General U.S. Army. New York, D. Van 
Nostrand. 

Some years ago, a work was published by Gen. Gillmore on Limes, 
Cements, and Mortars, it being No. 9 of a series of papers on Prac- 
tical Engineering for the United States Engineer Department. It 
contained a large amount of valuable information on the subjects 
treated, became in fact, the standard authority on those questions in 
this country, and has already reached its fifth edition. 

Some years later, another work appeared by the same author, on 
Coignet Beton, full of practical and detailed information concerning 
the different kinds of artificial stone employed to so great an extent 
in Europe, and the use of which is every day increasing in this 
country. 

To day, we have before us another one of these practical works, 
‘¢ Gillmore on Roads,” being a treatise on the construction of roads, 
streets, and pavements. The author states that in preparing the 
work, he has endeavored “to give within the compass of one small 
volume, such descriptions of the various methods of locating country 
roads, and of constructing the road and street coverings in more or 
less common use at the present day, as will render the essential de- 
tails of these methods, as well as certain improvements thereon, of 
which many of them are believed to be susceptible, familiar to any 
intelligent, non-professional reader.” ‘To make such practical 
suggestions with respect to the selection and application of material, 
more especially those with the properties and uses of which builders 
are presumed to be the least acquainted, as seem needful in order to 
develop their greatest practical worth, and realize their greatest en- 
durance.” ‘* Also to institute a just and discriminating comparison 
of the respective merits of the several street pavements now com- 
peting for popular recognition and favor, under the varying condi- 
tions of traffic, climate, and locality, to which they are commonly 
subjected.” 

The objects at which the author aimed, seem to have been fully 
and ably carried out, and in a language and style that one may 
study with both profit and pleasure. The work commends itself to 
the general reader as well as to the engineering student, and infor- 
mation such as here given, is just what is required by those who have 
charge of the repairs of our country roads. If the directions here 
given were carried out, it would result in a very different condition 
of roads from what exists throughout a large portion of the United 
States at the present time. 


Gas Works Engineering. 297 


Chapters first and second treat of country roads, their location, 
grades and modes of construction. The important question of grades 
is taken up in considerable detail; and under the head of construc- 
tion, the matter of drainage, so often neglected, and on which the 
good condition of a road so much depends, is given its full share of 
attention. Chapter third considers the different kinds of road cov- 
erings, such as earth, corduroy, plank, gravel, stone, etc. Chapter 
fourth takes up the question of maintenance and repairs of roads, 
and chapter fifth and sixth are on streets and street pavements, side- 
walks and foot-paths. These last chapters are full of interest and 
the information is entirely new, giving descriptions and details of the 
different street coverings now claiming so much attention in our large 
cities, and about which there are so many conflicting opinions. 

In a word we can cordially recommend all those who are in any 
way interested in matters pertaining to roads to consult this work. 


J. M. W. 


Ahivil aul Alechanical FH ngineering. 


GAS WORKS ENGINEERING. 


By Ropert Briee@s, C.E, 


The following description of the manufacture of coal gas was pre- 
pared for testimony in a recent action in equity, for discontinuance 
of a nuisance incident to some processes in use at the Gas Works in 
Philadelphia, and as it involves a brief but complete statement of 
the chemistry, apparatus and methods of gas making, it may prove 
acceptable information to some readers. 

“The making of coal gas by distillation in retorts would be one 
of the simplest of the manufacturing operations if it were not ac- 
companied with certain other products and involved with certain 
impurities which it becomes necessary to treat, or to remove, to 
render the process or its result tolerable to any community. To 
make the whole of this process intelligible, I will state, as a brief of 
the operation :— 

“§ I. Coal oil, for illuminating purposes, is produced frum bitu- 
minous coal by destructive distillation. [Ordinary distillation, as of 
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alcohol from wine, merely separates by evaporation at a lower tem- 
perature, one substance from another; destructive distillation alters 
chemically, by heat, the nature of the bodies exposed to the opera- 
tion.] Bituminous coal itself is assumed to be a fossil of vegetable 
origin, which may have been charred by heat and solidified by pres- 
sure; and it consists of the following elementary substances :—first, 
and mainly, carbon; second, sulphur ; third, silicium (with very small 
quantities of other earth metals); fourth, iron (rarely any other 
metals); fifth, hydrogen; sixth, oxygen; seventh, nitrogen (with 
very small proportions of other gaseous bodies). One ton (2240 
pounds) of bituminous coal, of average quality, will produce about 
nine thousand to ten thousand cubic feet of gas, also of average 
quality. Gas of average quality is held to be such, that the burn- 
ing, in a suitable burner, at the rate of five cubic feet per hour, will 
evolve an intensity of light equalling that which will proceed from 
fourteen to sixteen standard sperm candles, of six to the pound, each 
burning 120 grains per hour. This ton of coal will also yield, and 
pass off from the retorts with the gas, as vapor, about twelve to thir- 
teen gallons of coal tar, and fifteen to seventeen gallons of ammoni- 
acal liquor; and after the volatile portions have passed away from 
the retort almost completely, (that is, when the gas from the retorts 
ceases to possess the requisite illuminating power), there remains in 
the retorts about 1700 pounds of spent coal, denominated gas coke. 

‘The four products of coal, which are separated distinctly in the 
process of distillation, are (stating them in reverse order) :—First, 
coke; second, coal tar; third, ammoniacal liquor ; fourth, crude gas. 
And each of these four products are treated severally. 

“Tf §§ One.] The coke which remains in the retorts, and is re- 
moved from them at a higher heat, consists principally of carbon (90 
to 95 per cent.), while the remainder is the earth metals, and iron 
and oxygen, together with a little sulphur, perhaps, in combination 
with the iron. In quenching the coke, a copious steam is produced, 
which takes off and disperses within a few feet, not generally over 
200 feet distant, a quantity of dust of the coke, in the form of coarse, 
perceptible grains, and a small quantity of sulphurous gas, with a 
smaller quantity of sulphuretted hydrogen, is dispersed in the atmos- 
phere at the same time. The coke itself, after being cooled, takes 
up and absorbs most hydro-carbon vapors, carbonic acid and other 
gases, with much avidity. But little nuisance arises from coke, ex- 
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cept when the steam and gas of quenching are dispersed at improper 
elevation, or too near to other property or to public thoroughfares. 

“f § § Zwo.] The coal tar which passes away from the retorts with 
other volatile bodies, is intimately mixed with them at the tempera- 
ture at which they leave the retorts, but is mainly condensed in a 
pipe or closed vessel, denominated the hydraulic main; some of it, 
however, passes beyond the hydraulic main and is separated with 
much difficulty, in the condenser and washers (whose purpose is mainly 
to remove ammoniacal liquors). Small quantities of coal tar are al- 
ways found in the pipes in the streets, and if the parts of the ap- 
paratus are not properly arranged, the coal tar will be found in 
quantity in the purifiers, in the street pipes, and even in the house 
services. This coal tar consists almost entirely of an innumer- 
able and a variable number of definite chemical compounds of 
carbon and hydrogen, together with those of carbon, hydrogen and 
oxygen. All these hydro-carbons intermingle with each other in all 
proportions, making inseparable mixtures at ordinary temperatures ; 
and they also absorb the gaseous hydro-carbons with which they may 
be brought in contact, with rates which increase as the temperatures 
are reduced. A very small proportion of sulphur will be found in 
coal tar, being probably only that due to the absorption of sulphur- 
gaseous bodies in the crude gas. Crude coal tar, as it is collected 
from all sources about the gas works, is a thin liquid at the general 
temperature of the atmosphere, having at the first moment of smell- 
ing of fresh coal tar, a pungent but not highly offensive odor; but 
the continued exposure of a considerable surface for evaporation to 
the air, or the presence of the least of the substance in dwellings or 
occupied rooms or upon clothing, develops a persistent and disagree- 
able smell, scarcely equaled by that from any other material in the 
arts. 

“ Tt is admitted by all physicians and chemists that the odors from 
coal tar vapors are (in the proportion in which they will diffuse in the 
air) not absolutely deleterious or poisonous, (many of them being 
classed and used as disinfectants); but on the other hand the gas- 
maker has fully recognized their objectionable character; and in all 
works, the coal tar is collected in sealed vessels, conveyed about the 
works in closed pipes, and deposited in a closed tank or cistern, to be 
afterwards disposed of. The numerous substances mixed in coal tar 
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separate, by distillation at temperatures below the destructive one, 
into three classes, 1, light oils; 2, dead oils; 3, pitch. 

“On boiling coal tar in a closed kettle up to about four hundred 
degrees, a mixture of various hydro-carbons will pass off like oils; 
these can be condensed by a coil of pipe in water, and will be found 
to be lighter than water; at higher temperatures, up to five hundred 
and fifty degrees, oils will distill over, which will be heavier than 
water, and are therefore called dead; after this process, there is left 
a pitch of numerous bituminous bodies not separated by chemists. 

“The pitch is used for roofing, sidewalks, and similar purposes ; 
the oils are sold to make lamp black and for the preparation of 
printers’ ink. But the demand for coal tar or coal-tar products is 
small, and the price of the latter unremunerative, except to those who 
can use the products directly, and in some works the coal tar is 
burned under the retorts, while in many it is surreptitiously wasted 
or discharged into sewers or streams. 

*« The light oils will be found to have in them, when condensed, 
most of the gases that may have been absorbed by thecrude coal tar, 
and their rectification for lubricating oils is first accompanied by the 
escape of these gases, and after this is done the thin oil becomes not 
very unpleasantly odoriferous. The gases from this process should 
be burned, but their extreme levity will always occasion a rapid dis- 
sipation in the atmosphere. The heavy oils are less offensive; and 
the pitch has a characteristic odor not very permeating, or unpleas- 
ant to most persons when smelled in the open air, or outside of dwell- 
ing rooms. 

“(§ § Three.] The ammoniacal liquor, like the coal tar, is inti- 
mately mixed with the crude gas. A portion is condensed with the 
tar, but it mostly goes beyond the hydraulic main to the condenser, 
which is a large extent of pipe or plate surface exposed to the air or 
to water on the outside of pipes or boxes, and acting by cooling the 
hot gas; when the ammoniacal liquor in the gas condenses and runs 
down upon the inside, collecting and absorbing ammonia vapor, as the 
cooling proceeds. After passing the condenser, the gas flows through 
a washer, where, having become cool, it is brought in contact with 
streams of ammoniacal liquor or fresh water, which take up and re. 
move nearly all the ammonium compounds ; water having a very high 


absorption rate for them when cold, and parting with them readily 
when warm. 
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“The ammoniacal liquor consists of water holding in solution var- 
jous compounds of ammonium, (NH,) with carbon, sulphur and cyan- 
ogen (CN). The liquor also has absorbed definite quantities of 
sulphuretted hydrogen and of all other gases present. This ammon- 
iacal liquor is exceedingly offensive and permeating. The hair and 
woolen clothes absorb the ammonium compounds with much avidity, 
and retain the odor for a great length of time. The objectionable 
nature of these odors is admitted by all, and every means is taken, 
in gas works, to isulate and remove the ammoniacal liquor. Until 
recently (in this country) it was discharged into sewers and streams, 
where it aggravated inconceivably the condition of the sewage water 
and poisoned the stream ; but in all well managed works of to-day, 
the ammoniacal liquor is treated (or removed in pipes to other places 
for treatment) so as to yield a good return to the maker and avoid all 
nuisance; as the treatment can be carried on without the least ex- 
posure of the liquor to the air. 

“(§§ Four.] The crude gas, being freed from tar and ammoniacal 
liquor, is yet charged with certain impurities which should be removed 
before it can be distributed in the mains and burned in stores or 
dwellings. It consists of four parts: a, the burning substances; 4, 
the luminous or incandescent ones; c, the impurities; d@, certain 
non-burning substances. (a.) The burning substances are hydrogen ; 
one of the compounds of hydrogen and carbon (marsh gas, CH 


a3 
and carbonic oxide, or half-burned carbon. 


(6.) The luminous or in- 


candescent substances are numerous carbon compounds which may be 


substituted for each other, in any separate examples taken for anal- 
ysis, but which do not exceed four per cent. of the gas for fourteen- 
candle illuminating power. (c.) The impurities to contend with are 
sulphuretted hydrogen, sulphur and ammonium components, and 
naphthaline. (d.) The non-burning substances are atmospheric air 
and carbonic acid. 

“The sulphur-compound impurities are the most objectionable to 
the consumer, as the immediate result from imperfect purification in 
this regard is a complaint by them. The legal requirement, in En- 
gland, is that the gas shall be purified from sulphur compounds, until 


it will pass inspection at less tham twenty grains weight of sulphur 
to one hundred cubic fect. 


(To be continued. ) 
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THE EFFICIENCY OF ROLL TRAINS. 


By Wm. Hewirt, M.E. 


General Remarks.—The efficiency of any machine is the fraction 
of the whole amount of power communicated to it, which may be 
usefully developed, or the ratio of the useful work executed to the 
total work performed. When the efficiency is unity, the machine is 
perfect; that is, itis capable of transmitting the whole amount of 
power communicated to it. No machine can be perfect, because it is 
impossible to construct one that will be entirely free from friction. 
In every machine, more or less power is always absorbed in overcom- 
ing this element. The fewer the parts, the iess the amount of fric- 
tion, and, therefore, assuming all other things to be equal, the simpler 
the machine, the greater its efficiency ; hence also the common adage, 
‘simplicity is perfection.” But simplicity alone is not sufficient for 
a large efficiency. Unless the machine is constructed upon correct 
principles, its simplicity is of no avail. The rectitude of such prin- 
ciples consists in their strict accordance with all the laws of nature. 
It is useless and foolish to contend against these laws, for, unlike 
those of our legislative bodies, they will inevitably be enforced. We 
cannot but pity those unfortunate persons, who, in ignorance of na- 
ture’s laws, are struggling blindly against them, mistaking their per- 
tinacity for genius, and flattering themselves that they are inventors. 
And equally must we pity those, who, in search of the so-called per- 
petual motion, are wasting their time and energy in a hopeless cause, 
deceiving themselves with the idea that they can create power. He 
who would devise a machine should understand that a machine should 
be constructed with regard to obtaining as large an efficiency as pos- 
sible, and not merely a piece of mechanism. He should, therefore, 
be instructed in the principles which govern the efficiency of ma- 
chines, and consequently be intimately acquainted with the laws of 
nature, for the more strictly he adheres to these, the more completely 
will he gain the merit of simplicity. 

The Rolls—The determination *of the efficiency of roll trains 
involves the determination of the normal pressure exerted upon the 
rolls by the hot bar or plate while under compression. The brasses 
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act as brakes on the journals of the rolls, and if the normal pressure 
be denoted by P, and the coefficient of friction by f, the resistance 
will be given by the equation, 


P 
1. R= ——e 


The value of P, for each passage of the iron between the rolls, 
depends upon the amount of reduction produced in the sectional area 
of the bar or plate. We should seek to make the resistance of the 
train as nearly uniform as possible, and in order that this may be ef- 
fected, it is evident that the rate of reduction must be varied accord- 
ing to some function of the variation of the temperature, and the 
position of the metal in the train. The resistance which iron at dif- 
ferent temperatures offers to compression has never been accurately 
determined ; but the diminution of the tensile strength of wrought 
iron, below the maximum for high degrees of heat, was determined by 
a committee appointed by the Franklin Institute to investigate the 
principles relating to the strength of materials for boiler construc- 
tion, and found to be given by the empirical formula, 

D = C (8 — 80)**, 

in which D is the diminution after it has passed the maximum, @, the 
temperature, Fah., and C, a constant. This formula is sufficiently 
exact for all temperatures between 520° and 13-7° (Jour. FRANKLIN 
InstituTR, Vol. 20, 1837). The resistance of iron to compression is 
about equal to its tensile resistance, and the above formula, therefore, 
may be applied to the case under consideration, with approximately 
correct results being obtained. 

In using this formula, let 2’ denote the amount of reduction in 
the first pass, found by experiment to be most advantageous for the 
temperature of the pile, a,, the increase of resistance from the first to 
the second pass, a,, the increase from the second to the third, ete. 
The successive reductions then become, R’ for the first pass, a,R’ for 
the second, a,a,/¢’ for the third, and a,a, . . . a,R’ for the mth pass. 

The temperature of the iron, however, is a very difficult thing to 
obtain accurately, and the method usually employed, is to adopt a 
rate of reduction which is most favorable to the mean temperature of 
the iron and the size of the rolls; to calculate the number cf passes 
on the assumption that this rate is constant, and then to depart from 
this in the various grooves, as may seem most discreet. This requires 
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considerable experience, especially in rolling wire rods, where the 
cooling is very rapid. In rolling rails, beams, and plates, however, 
the problem is not such a delicate one, as the iron cools more slowly. 

The most rapid and convenient method of calculating the areas of 
the various grooves is by the use of logarithms. Thus, let the num- 
ber of grooves be denoted by n, the rate of reduction (assuming it to 
be constant) by r, and the area of the last groove by a. Then, 

Log. of area of pass n = log. a. 

¢ as “* (n—1) = log. a + logr. 
(n — 2) = log. a + 2 log. r, ete. 

The rate of reduction also depends upon the character of the iron, 
the dimensions and compositions of the pile, the alterations which the 
iron experiences in its shape, and the size and velocity of the rolls. 
We naturally seek to make the rate of reduction as great as possible, 
in order to accelerate the rolling and not to employ a greater num- 
ber of passes than is actually necessary, but in order to work 
smoothly, and manufacture bars free from seams and fins, the rate of 
reduction and number of passes must be varied accordingly. [Note. 
A common rate of reduction in rolling rails and beams is 13:1. In 
rolling band iron it is often 2: 1.] Not only should the iron be en- 
tered in each pass without difficulty, and the pressure such that the 
iron will not squeeze out at the open or loose parts of the groove, but 
neither should the pressure be so light as not to cause the iron to fill 
the groove. The rate of reduction may be greater, as the velocity 
and resistance of the rolls are greater, as the iron is stronger, hotter, 
more easily worked, and as its geometrical shape experiences less 
changes in the passage from one groove to the next. It is impossible, 
therefore, to determine the most favorable rate of reduction according 
to any one precise and invariable rule. 

Let ABF, abf, represent a pair of 16 
inch rolls, with the metal, MM, between 
them, and A’B’F”’, a’b’f’, a pair of 8 inch 
sma Tolls, and let 0 denote the angle AOB, 
. which subtends the are of contact AB. 

The amount of reduction being the same, 
it is obvious that rolls of small diameter 
have a greater tendency to elongate the 
metal than those of larger diameter, the 


“ ““ “ 
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latter spreading it more, so that a bar which exactly fills a groove 
in a pair of 8 inch rolls, will over-fill a groove of the same size in 
a pair of 16 inch rolls. 

The relation between the velocities of the metal on either side of 
the rolls, and the velocity of the rolls, has never been investigated 
that we are aware of. We know that the metal issues with a velocity 
greater than that of the circumference of the rolls, and 
we are inclined to believe that the velocity of the circum- 
ference of the rolls is a mean between the velocities of 
the metal on each side. The fact that the metal is never found 
“banked up” at the points A and A’ has led some to infer that the 
metal must enter with the velocity of the circumference of the rolls, 
but we hardly think the inference is correct, because we do not be- 
lieve that the friction between the metal and the rolls is ever suffi- 
ciently great to overcome the cohesion of the molecules of the metal, 
so that instead of the metal being squeezed out at the centre more 
than at the surface, we believe that it is squeezed out equally and 
bodily in both directions, and yet carried forward through the groove 
at the same time. Although the question may perhaps be of no prac- 
tical importance, it is a curious one and we would like to see it satis- 
factorily explained. Whatever the truth is, it is evident that there 
must be a slight slip somewhere between the metal and the rolls, but 
precisely where that slip takes place we are unable to say. 

The Gearing.—The amount of gearing employed in driving roll 
trains has of late years been reduced to a minimum by the introduc- 
tion of independent and direct acting engines. Formerly, when the 
slow moving, low pressure, condensing engine was the standard 
engine for driving rolling mills, a large amount of gearing 
was necessary in order to obtain the requisite speed in the 
rolls; but the quick moving, high pressure, cut off engine, has super- 
seded almost entirely the old condensing engine, so that we are now 
enabled to drive roll trains directly at the speed required. 

Let m be the number of teeth on each pinion, and #’ the coefficient 
of friction. The counter efficiency of each gear in the pinions then 
will be given by the formula (Rankine’s Millwork and Machinery, 
page 439), 


(3.) e=1+ ont. 


n 
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Notation and General Formule —We will now proceed to investi- 
gate the principles which determine the efficiency of the three most 
important mills of the present day; the “three high” mill, the clutch 
reversing mill, and Mr. Ramsbottom’s reversing mill; assuming that 
there are in each case two sets of rolls, the “roughing” and “ fin- 
ishing,” and that the engine is attached directly to the train in the 


first and last mentioned mills. 


The efficiency of the mill will depend upon its construction, and 
and will vary with the position of the metal in the train, so that it 


must be calculated for each pass separately. 


In the formule which 


we are about to give we shall adopt the following notation : 


P = Pressure due to the amount 
of reduction of the metal. 

p= Pressure due to the weight of 
the metal. 

W, = Weight of bottom rough- 


W,= Weight of top finishing 
roll, 

W = Total weight of all the rolls. 

Ww’ = Weight of a single pinion. 

I, = Total length of all the rolls. 


ing roll. l= Length of a single pinion. 
W,= Weight of middle rough- 7'= Time of pass. 

ing roll. t = Time occupied in the perform- 
W,= Weight of top roughing ance of useful work. 

roll. a == Angular velocity of the rolls. 
W,= Weight of bottom finish- = Radius of circle whose area 

ing roll. is the mean sectional area of the 
W,= Weight of middle finishing _rolls and pinions. 

roll. 


(4.) r = Mean radius of gyration of the train = } Ry/2. 


f = Coefficient of friction (between cast iron and brass). 
g= Force of gravity = 32°1695 feet. 


(5.) 


W 1, Wy, Wy, Wy W,, and w,== The work performed by each roll re- 
spectively. Corresponding to W,, W,, etc. 

¢, Cy, and ¢,== The counter efficiency of the bottom, middle, and 
top rolls respectively. 

E= Efficiency of mill. 

The value of / is a difficult thing to obtain accurately, but, since 
the weight of a cubic foot of cast iron averages 444 lbs., the mean 
-sectional area of the rolls and pinions 7’, (in square feet), may be 
obtained approximately by dividing the total weight of the rolls and 


w, = Useful work performed = (2P +- p) < : 
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pinions by 444 and by the total length of the rolls and pinions (in 
feet), so that for an approximate value of R, we have the formula, 


(6.) Bie = W+2W’ 
444z (L + 21) 

Combining this with equation 4, we obtain, 

(1.) Qn ee 
8882 (L + 22) 

“ Three high” Mill.—The efficiency of the “ three high” mill de- 
pends upon whether the engine is attached to the bottom or middle 
pinion, and whether the middle roll is adjustable or fixed in the 
housings. In the ordinary arrangement, the middle roll is adjustable 
and the great objection to it is that the upward pressures upon it have 
to be transmitted through the chucks and journals of the top roll be- 
fore reaching the housings. The fixed middle roll is a much better 
arrangement, as both the upward and downward pressures upon it are 
then transmitted directly to the housings. For the general formula 
ef the efficiency of this mill, therefore, we have, 


(2P + p) 
> i eaeaeme ee RE 


: pene 
¢,(w, Tv w+ C,(W, +-W,)-+-¢,( ws, + W,) + (e,+ eC, 2 Cs) W'T. t 
a. . 
and since __ is a factor common to w,, w,, w;, ete.; if the component 
29 
factors—for convenience sake—be denoted by z,, z,, 2, the above 
equation reduces to, 


(3) Bee (2P + P) as 
€,(%, +24) -+-,(2, +25) +05(%3+2%) +(e, +¢,+¢,) W’ 


and is modified as follows : 


When the engine is attached to the bottom pinion (Eq. 3), ¢, = 


ee ee et 2a ea oe 
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Casg 1.—When the metal is in the lower grooves of the roughing 
rolls, and the middle roll adjustable—that is, not fixed, 


x, = (P+ p) + Wr 
1,=(P— W,) +(W,+ W) (7-2). 


2—=(P— W,) + wW,(7 a 


a=W,e, a,—=(W,+ Wz, = W,-- 


Casz 2.—When the metal is in the lower grooves of the roughing 
rolls and the middle roll fixed, the values of z,, x, and 2,, are the 
same as in the preceding case, and, 


7 T T 
y,=P-+ W, (= —2) {= Mi 1= W.=- 


Case 3.—When the metal is in the upper grooves of the roughing 
rolls and the middle rol] adjustable, the values of 2,, 2, and 2, are the 
same as in case 1, and, 


2 oe We t,=(P +p) + We. a=P+ wW(7—2) 


Case 4.—When the metal is in the upper grooves of the roughing 
rolls, and the middle fixed, the values of z,, z, and az, are the same as 
in the preceding case, and 2,, z,, and 2,, the same as in case 2. 

Case 5. When the metal is in the lower grooves of the finishing 
rolls, and the middle roll adjustable, 


1,= W, . 1, =(W, + W;) =i r= W,7. 


"3 t 
m=(P+p)+W,f. 2,=P-+ W, (7—2)+ W, (7 —1). 
™4=(P— W,) + W,( 7-1) 


Casz 6. When the metal is in the lower grooves of the finishing 
rolls, and the middle roll fixed, the values of z,, z,, and z, are the 
same as in the preceding case, and 


= Wi. ae? 4 wW(7 —2). a= We. 
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Casz 7. When the metal is in the upper grooves of the finishing 
rolls, and the middle roll adjustable, the values of z,, 7, and z, are 
the same as in case 5, and 


a= We - 2,=(P+p)+ Wer gan P 4- wW, (2 —2) 


Case 8. When the metal is in the upper grooves of the finishing 
rolls, and the middle roll fixed, the values of z,, z,, and z,, are the 
same as in case 6, and z,, z,, and z,, the same as in the preceding 
case. 

The Clutch Reversing Mill.—In the common clutch reversing mill, 
five spur wheels are required beside the pinions ; two of these are on 
the same axle and run in opposite directions. To each of these 
wheels is attached a clawed clutch, the claws of which are placed in 
opposite directions; and into these claws is moved alternately a 
clutch, which slides upon feathers fixed to or forged on the main 
shaft (Jour. Iron and Steel Institute, May 1, 1871). Two of the 
wheels (not on the same axle) are larger than the other three, the 
arrangement being such that in one direction of rolling, these two 
always drive the train, while the smaller ones run idle. Inthe other 
direction of rolling, the reverse of this is the case. The efficiency 
at any pass, therefore, will depend upon the direction of the rolling. 

Let s, and s, = The weight each of the two larger wheels. 

8,, 8, and s, = The weight each of the three smaller wheels. 

S, = The total weight of the two larger wheels. 

8, = The total weight of the three smaller wheels. 

M,, N,, &c. = The number of teeth on each wheel respectively, 
corresponding to 8,, 8, &. 

a,, a, &c. = The angular velocities of each wheel respect- 
ively, corresponding to 8,, 8, &c. 

ce’ = The counter efficiency of the two larger wheels. 

e’' = The counter efficiency of the three smaller wheels. 


w’ = The work performed against the resistance of the wheels. 
Then, 


10.) w'={ (oat + asad) +S (oad + vad + 40) hes 
in which, 


(11.) of = 142" (~ + =)» 


> ~ 
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and, 
(12.) oe” = 1 4+ af (7 +445). 


,{ & - 
3 4 5 
If the two larger wheels are of the same pattern and also the three 
smaller ones, we have 8, = 8,, 8, 8, —=8,, = N,, N, = N= Nz, 4, 
= 4, = 4, = 4, = 4, = 4, and, 


ne oe a 

(13.) w=(F8+55) 5 
in which, 
(14.) m1 +92. 

n 
and, 
(15.) of = 14 Brt. 

Ns 


And even if the wheels are all of different patterns, and n, and n, 
denote the mean number of teeth on the wheels to which they cor- 
respond, equation 13 will be sufficiently accurate for all practical 
purposes. 

Since the moment of inertia of the rolls is (approximately) 
(W+2W’) 
888x(L + 2i)’ 
(W+ 2W’) a 


(Eq. 7), the work performed at each reverse will be 


(+6) aE TB 39" For the efficiency of the mill, therefore, 
we obtain the general formula, (16.) 
E= est Se 


: | 1 ' (W42 07) 
e,(2, +2.) Fe,(7, +24) +(e, +45) WF (Stes) + (Ct aaa c+ 20 


which is modified as follows: 
When the two larger wheels are the drivers, 


yo tM, 
“6£=_=--> 
é g J 
f f 
a (1+ 2x, Né + 2x) 
¢.=> ra = ft — 
When the three smaller wheels are the drivers, 
fr 
ce” 1+ 2x ms . 
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£6 of 
ee!’ (1 + 2z, 1+ 3 
me 67 Fee. 
Case 1. When the metal is in the roughing rolls, 
4,=P+p - W. = P— W,. , W,. I.= W,. 
Cask 2. When the metal is in the finishing rolls, 
a=W, 2=W, 2~%=—P+p+W, 1—P—W,. 
Ramsbottom’s Reversing Mill.—In this mill the fly-wheel is dis- 
pensed with altogether, and the boiler is made the sole reservoir of 
power, so that by reversing the engines, the rolls are reversed at will. 
The five spur wheels required in the common clutch reversing mill 


are also dispensed with, and the counter efficiency of the gearing, 
therefore, is constant. In every instance, we have, 


1 


e 
ee 5 and em — ; 


which gives us for the general formula, 


The values of z,, z,, z,, and z, are modified as in the common 
clutch reversing mill. All the other quantities are constant. 

Conclusion.—The above formule have been calculated on the as- 
sumption that in each instance there are but two sets of rolls, the 
“ roughing ’’ and “ finishing ;” but it is obvious that they may be 
easily extended, so as to include three and even more sets. In re- 
ducing the above formule to figures, the great difficulty is to obtain 
reliable data. By assuming the requisite data, however, and making 
it uniform in each case, we may obtain figures which will probably be 
a fair comparison of their efficiencies. But it seems to us that it 
would be advisable for some of our iron and steel associations to give 
each of these and other systems, a fair trial, and so decide the ques- 
tion in a way that admits of no discussion. We have had trials of 
almost every kind of boiler and steam engine, but none at all of any 
kind of rolling mill that we are aware of, and we are disposed to be- 
lieve that the questions connected with the construction of the class 
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of machinery under consideration, have not received sufficient atten- 
tion at the hands of really competent engineers. 

There is no such thing in existence as a thoroughly good treatise 
on rolling mill machinery. On the chemical changes wrought in 
smelting and puddling furnaces, on the character of ores, and the 
mechanical properties possessed by the finished product, have appar- 
ently been concentrated all the energies of those who have made iron 
and steel their special study; while the details of roll trains have 
been passed over with very little notice. All that can be learned 
about the subject from books is embodied in a few desultory chapters 
and certain sets of engravings, which, however, admirable as draw- 
ings, only represent, after all, indifferent practice. The mathematical 
principles which determine the best forms and proportions to be im- 
parted to the different parts of the mechanism, have been almost en- 
tirely ignored. The best literature on the subject is to be found in 
the engineering periodicals of the day. 

Some valuable experiments, however, were recently made by Mr. 
Rupert Boeck, with the idea of determining the actual amount of 
power consumed in rolling sheet iron. “The moment of inertia of 
the fly-wheel, by careful calculation, was found to be 184,516 foot 
pounds, its weight being 65,300 pounds. The friction of the fly- 
wheel on its journal alone consumed 16°8 horse power, which, added 
to the effort required to overcome the friction of the other parts of 
the mill, gave for the total effort exerted in running the mill empty, 
56°5 horse power. The experiments were made on a plate of boiler 
iron, which had the following dimensions when trimmed: length, 15 
feet; width, 41 inches ; and thickness, }inch. The rolls were nearly 
28 inches in diameter.”—(See the Iron Age, July 23, 1874, page 
24.) From the results of these experiments, it seems to be about a 
fair estimate to assume P = 50,000 lbs. For the coefficients of fric- 
tion we have (Haswell) f (cast iron upon brass, tallow unguent) = 
“103, and f’ (cast iron upon cast iron, soap unguent)= 197. For 
the remaining data, let us assume the following convenient and not 
unreasonable values : 

p = 10,000 lbs, W, = W, = W,, etc. = 10,000 lbs, W’ = 1000 
Ibs., Length of each roll = 6 ft., 7 = 1 ft., T= 20 sec., t= 
10 sec., n= 20, n, = 50, n, = 35, 8, — 4000 Ibs., S,— 5000 lbs. 
The efficiency respectively corresponding to each of the preceding 
cases then will be as follows : 
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Cases1&5 Cases2&6 Cases8&7 Cases4&8 
In the “ Three-high " mill. E= E= E= E= 


Eng. attached to bottom pin., 038867 -050172 -044828 -04894 
© “middle 040096 -051332 -04647 -050904 


The average for adjustable middle roll (cases 1, 3, 5 and7), en- 
gine attached to bottom pinion, is 0-041848. 

The average for adjustable middle roll, engine attached to middle 
pinion, is 0-0432838. 

The average for fixed middle roll (cases 2, 4, 6 and 8), engine 
attached to bottom pinion, is -049556. 

The’ average for fixed middle roll, engine attached to middle 
pinion, is -051118. 


Cases 1 & 2. 
In the Clutch Reversing Mill. E= 


When the two larger wheels drive, . ° 045190 
“ . three smaller * ite? : , 044033 


In Mr. Ramsbottom’s Reversing Mill, cases 1 and 2, E = -048118. 

The ratio, then, of the greatest efficiencies of the three mills re- 
spectively in the order of their consideration, is as, *051118 : 
04519 : -048118. 


Cornish Pumping Engines.—The following is extracted from 
the Mining Journal of April 1, 1876. The number of pumping en- 
gines reported for February is 17. They have consumed 1657 tons 
of coal, and lifted 12,900,000 tons of water 10 fms. high. The aver- 
age duty of the whole is, therefore, 52,700,000 lbs., lifted 1 ft. high, 
by the consumption of 112 lbs. of coal. The following engines have 
exceeded the average duty :— 


Crenver and Wheal Abraham—Sturt’s 90 in., Millions 63-1 
* . “« —Pelly’s 80in.,  . 52°T 

a " " “« —Willyam’s 70 in., . 79-9 
Dolcoath—85 in. ; ° : ° 52:7 
West Basset—Grenville’s 10; in. . Pee i 53-8 
“ “ —Thomas’ 60 in. . ‘ ; ° 58°8 
West Tolgus—Richard’s 70 in. . : gi Ne 53-0 
West Wheal Seton—Harvey’s 85in. . . ‘ 62-6 
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A BATHOMETER.* 


The name “ Bathometer”’ has been given by Dr. C. William 
Siemens to an instrument which he has devised for measuring the 
depth of sea without using the sounding line, and which has been 
tested in two transatlantic voyages. The principle upon which the 
action of this instrument depends is the diminution of the influence of 
gravitation upon a weighty body, produced by a decrease in the 
density of the strata immediately below it ; thus the density of sea 
water being about 1-026 and that of the solid constituents which form 
the crust of the earth about 2-75, it follows that an intervening depth 
of sea water must exercise a sensible influence upon total gravitation 
if measured on the surface of the sea, 

The amount of this is calculated mathematically in considering the 
attractive value of any thin slice of substance in a plane perpendicu- 
lar to the earth’s radius, and assuming the earth to be a perfect 
sphere, unaffected by centrifugal force, and of uniform density. Ifh 
represents the vertical distance of such a slice from the point of 
attraction, then the differential of the attraction of each concentric 
ring of which such slice is composed is represented by the expression : 

@ A=27dh.sin.a.da. : e 
a being the angle between any ring and the vertical A, which expres- 
sion when integrated between the limits 2 and a, and a and 0, gives 


Amtek (1-4y 4) i, a 


in which for small values of A the factor - may be neglected, 


when the formula assumes the form 
A=2zh . : ° ° (3) 
in which A, represents the total attraction to the depth A. 

The total attraction of the whole earth is obtained in substituting 

R for h in (2) when the following proportion is obtained : 
A,: A=2 zh: 42 R or=h: 3 R. 

It follows that if sea water was without weight, the total attraction 
of the earth as measured upon the sea surface, would diminish in the 
proportion of the depth to 3 R; but taking the weight of sea water 
into account, gravity is found to diminish upon the sea level in the 
proportion of the depth to 3§ R or as .8 R, this proportion would be 
strictly correct if the interior of the earth was of the same density as 
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surface rock, but the coefficient here arrived at has to be diminished 
in the proportion of the density of surface rock to the mean density 


of the earth or in the proportion of about — . Itis safer, however, 


not to rely entirely upon these mathematical deductions in construc- 
ting a working scale, which it is preferable to base upon comparison 
with the sounding line. 
It may be remembered that in 1859, Dr. Siemens proposed an 
analogous method of obtaining soundings, and made an attempt to 
construct an instrument which should 
indicate such slight variations in total 
gravitation as would require to be meas- 
ured, but the difficulties connected with 
neutralizing the effects of the variation in 
temperature, and motion of the ship, were 
found to be very great. Within the last 
year, however, the exigencies of deep sea 
telegraph construction have shown the 
value, and indeed almost the necessity of 
having a depth indicator always to hand, 
and hence the instrument of which we give 
a diagram to our readers, not showing de- 
tails but only the principle of action. 

It consists essentially of a vertical 
column of mercury contained in a vertical 
steel tube having cup-like extensions. The 
lower portion is closed by means of a 
corrugated steel plate diaphragm, similar 
in construction to those employed in ane- 
roid barometers, and the weight of the 
mercury is balanced in the centre of the 
diaphragm, by the elastic force of care- 
fully tempered steel springs whose length 
is the same as that of the mercury column. 
Both ends of the column are open to the 
atmosphere, so that its variations of pres- 
sure do not affect the readings of the 
instrument. 

The elasticity of carefully tempered steel springs having been 
found by experiment to diminish in an arithmetical ratio with rise of 
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temperature, but in a different ratio to that of the dilatation and 
consequent diminution of the density of mercury, this had to be 
arranged for in the mechanical arrangement of the instrument. It 
is evident that if the mercury were contained in a cylindrical vessel 
not varying in diameter, its potential would always be sensibly 
constant. If, on the other hand, two cups were connected by a tube 
of infinitely small diameter, the potential would diminish with rise of 
temperature in the ratio of the expansion of mercury. The form 
employed in the instrument is a mean between these extreme forms, 
the ratio between the areas of the cups and that of the tube being 
governed by that of the diminution of the density of the mercury and 
potential of the springs. 

The tube is throttled near its upper extremity, in order to diminish 
the influence of the ship’s motion in causing vertical oscillations of 
the mercury. The instrument is suspended in a universal joint, a 
short distance above its centre of gravity, in order to cause it to 
retain a vertical position notwithstanding the oscillations of the vessel, 
and it is contained in an air-tight casing so as to be unaffected by 
atmospheric influences. 

The reading of the instrument was effected by means of electric 
contact between the centre of the diaphragm and the end of a micro- 
meter screw, the divisions on the rim and the pitch of the screw being 
so proportioned, that each division represents one fathom of depth. 
Another mode of reading the instrument by means of a spiral glass 
tube fixed on the top of the instrument, and connected with the mer- 
cury in the upper cup by means of a liquid of less density is now 
employed, and has been found to be successful in practice. 

The indications of this instrument have been compared with sound- 
ings taken by means of Sir William Thomson’s steel wire apparatus, 
and show a very close accordance. The following shows what kind 
of indications it has given. On the 31st of October, 1875, according 
to soundings, the Faraday was at noon in 82 fathoms, at 1.8 P. M. in 
204 fathoms, and at 2.20 p.m. in 69 fathoms of water, whilst the 
bathometer readings were 82, 218, and 78, showing that the instru- 
ment indicated a passage from shallow into deep water and back into 
shallow in a period of two hours with considerable accuracy. 

The instrument is also applicable for measuring heights above the 
surface of the earth, such as balloon ascents, but its indications of 
the height of mountains or elevated plateaus would be affected by the 
attraction of the elevated land, varying with its surface, and the in- 
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strument is not therefore considered reliable for such purposes. In 
the use of this instrument, the chief disturbing influence is the effect 
of variation of latitude upon the earth’s attraction, varying as the 
square of the sine of the latitude, the difference between the equato- 
rial and polar attraction as established by pendulum observation 
being ;},th of the former. The amount of this correction would be 
calculated as depth in fathoms and tabulated for use with the in- 
strument. 

The instrument would be chiefly useful in enabling the mariner to 
determine his position, when in foggy or cloudy weather he was 
unable to take observations. If the figure of the ocean bed was laid 
down more perfectly than at present upon charts, and such were in 
the hands of the mariner, he would be able to tell in observing his 
bathometer what was the approximate depth of water below him, and 
the direction in which, and the rate at which the depth either in- 
creased or diminished, while by consulting his chart he would then 
be enabled to determine his actual position with considerable accuracy. 


DESCRIPTION OF AN IMPROVED FORM OF GOVERNOR FOR STEAM ENGINES 
OR OTHER PRIME MOVERS. 


By Wrttram D. Marks, Ph. B., C. E., Member St. Louis 
Engineers’ Club. Instructor in Mechanical Engineering, Lehigh 
University, Bethlehem, Pa. 


In the writer’s experience as a practical mechanic, his attention 
has often been called to the irregularities of the best forms of gov- 
ernors, whose action is dependent upon the centrifugal of the revolving 
pendulum; even after all that years of experience and most careful 
study have done for their greater accuracy of performance. 

By this means he was led to give some thought to the requisites 
of a governor, which would be nearly, if not quite, isochronal in its 
action. 

A careful study of the ordinary form of ball governor, convinced 
him that a governor such as was needed, must satisfy the following 
conditions :— 

1. The motion of the valve must precede any change of speed in 
the governor balls; otherwise, as in the case of all centrifugal gover- 
nors, the engine must go fast in order to go slow, or the reverse. 
Should the valve motion follow or be coincident with a change of 
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speed in the governor, the engine’s governor necessarily must vary 
for some interval of time, and the governor cannot be isochronous, 
because of a defect of principle. When, however, the valve motion 
can be made to precede a change of speed in the balls, the engine is 
so to speak, barred from any variation of speed upon making the at- 
tempt, and rendered practically isochronous. 

2. The opening of the steam valve must be independent of the 
angle, which the arms attached to the balls, form with the central 
spindle, around which they revolve. 

Thus an engine having its full amount of work, and governed by 
an ordinary ball governor, will be kept at a uniform speed by the 
governor so long as the average resistance to be overcome by the en- 
gine remains constant, but whenever any of the work is taken off, 
the speed of the engine will be increased to a higher rate, corres- 
ponding to the diminished work, and at this faster speed the engine 
will then run uniformly under the mastery of the governor, so long 
as the work continues without further alteration. This arises from 
the fact that the degree of opening of the steam valve is 
directly controlled by the angle to which the governor balls are 
raised by their velocity of revolution; the steam valve being moved 
only by a change of speed, and consequently by a change of the 
angle of suspension of the governor balls; whence it follows that a 
larger supply of steam for overcoming any increase of work can be 
obtained only, in conjunction with a smaller angle of the suspension 
rods of the governor balls, and consequently with a slower speed ; 
and that a larger angle of the ball rods, and consequently a higher 
speed, must be attained in order to reduce the supply of steam for 
meeting any reduction of work to be done by the engine. 

8. The governor must be sensitive, ¢. ¢., quick toact. This result 
is usually attained in the centrifugal governor, by giving to the balls 
a speed much greater than that of the engine, so that a slight varia- 
tion of speed in the engine is multiplied in the governor many times. 

A high speed, however, is attended with thedisadvantage of rapid 
wear, and in the case of an ordinary governor, wear, such as to 
admit of any lost motion, is attended with much trouble to the en- 
gineer, and sudden variations of speed in the engine. 

4. The governor must have power, which means an even and sure 
motion of the valve, notwithstanding the almost unavoidable defects 
of workmanship, such as the sticking of the valve, or the binding of 
the valve stem through careless packing of the stuffing box. In the 
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ordinary governor this power is sought to be obtained either by a 
high speed, the defects of which have already been pointed out, or by 
means of very heavy balls, which results in a very cumbersome and 
large machine, besides adding largely to the expense. 

5. Simplicity and economy must be attained in the construction 
and manufacture of the governor, otherwise the greater number of 
mechanics will prefer to use the ordinary form of governor, on ac- 
count of its lesser cost—first cost often being an item much more 
regarded by mechanics than a true and intelligent spirit of economy 
would dictate. 

A careful study of these before mentioned facts, shows that ab- 
solutely isochronous motion of the engine is unattainable, as the 
ability of the governor to regulate the speed of the engine is derived 
entirely from variations of the speed of the engine from any fixed 
rate, but it is quite possible to arrange so that the governor itself 
may be practically isochronous, and thus create a standard of speed 
to which the engine must conform, more or less nearly, according to 
the sensitiveness and power of the governor used. 

This result I have endeavored to obtain by the use of the inertia 
of the balls of the free conical pendulum, in connection with a spiral 
spring and screw. 

In this improved governor which I call isochronous, the pendulum 
spindle is in two sections, of which the lower one, to which, by means 
of a feather and key way, the driving power is geared, is capable of 
sliding lengthwise a little, at the same time that it turns the upper one, 
and screw up and down in the hub of its driving wheel; and is con- 
nected to the whee! by a spring which allows the wheel to over-run 
the spindle a little, when the motion increases to close the valve, in 
advance of any change of speed in the pendulum; and when the 
speed of the engine slacks, the tension of the spring will make the 
spindle over-run the wheel, which will screw the spindle along the 
other way, and thus open the valve in advance, of any change of speed 
in the pendulum; thus making a much more sensitive governor than 
others now in use. 

The sensitiveness of this governor is determined by the flexibility 
of the spring used; the more flexible the spring, the more sensitive 
the governor to any variations of speed in the engine. The power 
to move the valve with evenness, is derived from the screw, the pitch 
of which determines its power. 
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The spiral spring may have more than one coil, as shown in the 
drawing, which, while giving more sensitiveness to the governor, also 
gives greater power, because of permitting greater angular separation 
of the ends of the spring, and also admits of a less pitch to the 
screw, and consequently greater power to move the valve, when the 
distance, through which it is to be moved, is the same. 

The figure shown is a partial sectional elevation; A is the upper 
section of the spindle carrying the free conical pendulum B; C 

is the lower section to which the power 

through the spring F is connected. It 

enters a socket D in the upper section, 

and is capable of sliding lengthwise 

therein a little. It also carries an arm 

4 £, to the outer end of which is attached 

the upper end of the coiled spring fF; 

zj Whose other end is connected to the hub 

of the driving wheel G, by the arm H; 

to allow the driving wheel to advance 

faster than the spindle for a short time, 

when the speed suddenly increases; and fall behind it when the 

speed slackens, in order to screw the spindle up or down by its threaded 

portion J,in the screw threaded hub of the driving wheel, and thus 
shift the valve up or down. 

The power of this governor is only limited by the strength of the 
working parts, ball rods, spring, ete. Should the spring break under 
any unexpected strain, the immediate closing of the steam valve 
will result, as the screw threaded spindle will be at once screwed 
down to its fullest extent. 

That this governor should have so great power, is not surprising, 
when it is seen that the inertia of the balls is used as a “point 
d’apui,”’ from which the valve is worked, and that instead of making 
use of centrifugal force only, as hitherto, the whole inertia of the 
free conical pendulum is used. For the sake of clearness, it must 
be especially noted that the balls B B are connected only to the 
central spindle A by a pin at the top, and that their centrifugal 
force is not made use of in this governor. 

The calculations of the dimensions of the governors, which are 
quite voluminous, are not added to this paper, as the principle can 
be clearly understood without formule by inspection of the drawing. 
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THE SCHUYLKILL RIVER. 


GavGiIne Its FLow—Deposits In THE DAM—VALUE OF FAIRMOUNT 


Water Power. 


Rosert Briaees, C.E., Hditor JouRNAL oF FRANKLIN INSTITUTE: 


Dear Str :—In answer to your letter, inquiring the actual relation 
which the water passing Fairmount Dam bears to the rain-fall upon 
the entire drainage area, and the further utilization of the water 
power of the river, I would state that the relation existing between 
the rain-fall on the Schuylkill basin, and the water discharged at 
Fairmount, has never been definitely determined. 

Prior to my retirement from the management of the water depart- 
ment, considerable preliminary work had been done, and a plan had 
been matured for a thorough investigation of the hydrography of the 
Schuylkill Valley, which would have given accurate data for ascer- 
taining all the characteristics of the stream and its basin. The 
work accomplished may be briefly summarized as follows : 

‘“‘A.” The records of rain-fall upon the area drained, which were 
made by various observers, were collected and tabulated. Rain 
gauges were located in places where none had been placed before, 
and which were necessary to the proper examination of the subject. 

“B.” A gauge was constructed with a vernier reading to the 
thousandth part of a foot, and located beyond the influence of the 
Fairmount Water Works, so as to measure the flow of water over 
the comb of the dam. Frequent readings of this gauge were taken. 

For a number of years, measurements had been made, and records 
kept of the flow of water over the dam, but they were unreliable be- 
cause they were taken from a cast iron gauge, permanently secured 
to the masonry of the gate bridge, possessing the oe defects : 
Ist. The zero point did not coincide with the level of the dam. 2d. 
The markings were only in inches, and these were incorrectly spaced. 
3d. It was so located that an observer could not get close enough to 
it for accurate reading. 4th. Being situated in the fore-bay, the 
gauge was influenced by the operation, starting or stopping of the 
wheels. 5th. The readings had been taken but twice in a day. 

“0.” The flow of water over the dam was found to be influenced 
by the operation of the wheels of the water works, and of the fac- 
tories at the Falls and Manayunk, and also by the lockage of boats, 
and the direction and intensity of the wind. It was, therefore, evi- 
dent that no record but a continuous one would represent the daily 
average, and to secure such a record, an automatic recording gauge, 
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operated by clock work, was designed, to be used in connection with 
the vernier gauge described. This vernier gauge is removed, and 
measurements are now made, and records kept from the defective 
cast iron gauge mentioned. 

“D.”” In connection with readings of the vernier gauge, a series 
of observations to determine the velocity of the surface of the 
stream between Fairmount Dam and Columbia bridge, was made 
with floats. 

A number of cross sections of the stream had been previously 
surveyed, and the mean prism of the stream ascertained. Calcula- 
tions based upon these observations were made, which demonstrated 
the flow of the river, when free from storm water, to be six hundred 
and fifty millions (650,000,000) gallons per day, representing an 
available power at Fairmount, of one thousand (1000) horse power. 

“FE.” Accurate hydrographical surveys were made of Fairmount 
Dam. Prominent features, rocks, ete., were located by triangula- 
tion, and the shore line fixed by ordinates, from lines connecting 
points of triangulation. Cross sections of the stream were taken 
every 500 feet, the soundings being made 20 feet apart, on these 
lines. These surveys were made in the years 1861, 1864 and 1866, 
and the maps showing their details are now in the possession of the 
Water Department. From these surveys, the estimates of the ac- 
cumulation of deposit in the lower portion of Fairmount pool were 
made. In the section between Columbia bridge and Fairmount Dam 
(a distance of 8750 feet), with a water surface of 168} acres, the 
deposit from 1861 to 1864 amounted to 3,313,681 cubie feet, and 
from 1864 to 1876, the accumulation increased by 6,642,584 cubic 
feet, making a total of 9,956,270 cubic feet, equivalent to a daily 
average deposit of 5430 cubic feet. In the same time (from 1861 to 
1866), the water surface in this section of the pool was reduced 
1576 acres. The mean sectional area of this portion of Fairmount 
pool, was correspondingly decreased : 

In 1861, it was 8254 square feet. 

“ 1864, “ “ 8158 “c “ 

“ 1866, “ “ 8087 6“ “ 
Along the the towing path in front of the zoological garden, now 
about 450 feet inland, there was, in 1850, six feet of water. For fur- 
ther data, I refer you to my report to Philadelphia City Councils, 
1867, pages 63 67. 


Utilization of the Water Power.—The only reserve power for 
Fairmount Water Works in the control of the city, is produced by 
flush boards, placed on the dam in seasons of low water, and even 
the right to use this reserve has been questioned by the Schuylkill 
Navigation Company, when they require it for the passage of boats. 
This company places similar bounds on all their dams in summer. 
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Commercial Value of Fairmount Water Power.—In some of the 
annual reports made to City Councils, the assertion is made that 
water is pumped at a less cost at Fairmount, than at any of the 
steam pumping works in the city. And this is true if only the inci- 
dental running expenses are considered, and no account taken of the 
cost of the water power. But if to the expenses is added interest on 
the cost of water power, then it becomes evident that it would have 
been true economy to have continued pumping by steam power. 

The water rights, damages, dam, fore-bay (machinery excepted), 
cost originally, when the water power works were first put in opera- 
tion, in 1822, about $400,000. See report of Watering Committee, 
1837, page 7. At that time, the daily demand of the city approxi- 
mated one million gallons. The power to pump that amount of 
water cost, therefore, $24,000 per year, the interest on the cost of 
the water power. To develop the power required to pump this 
amount of water with the Oliver Evans engine, then at Fairmount, 
would have consumed 1587 cords of wood, which, at $7 per cord, the 
price stated at that time, would have amounted to $11,109 per annum. 
See report on the water power of the River Schuylkill, 1820, 
page 8. 

he use of water power at that time, therefore, was at a loss to 
the city, ot nearly $13,000 per annum, and at the present time the 
loss each year is still greater. The present cost of Fairmount 
Water Works, exclusive of machinery, is over one million dollars. 
(In this amount, the enormous damages for which the city has been 
mulcted on account of water power being taken in times of drought, 
are not included.) The interest of one million dollars, at 6 per cent., 
makes the annual cost of the water power $60,000, 

During 1874, the amount of water raised by the Fairmount works 
averaged 21,504,736 gallons per day. To raise this amount of water 
at the Schuylkill works (using the operations of these works in 1874 
as a basis), would have consumed 8300 tons of coal, which, at $4.88 
per ton (the price then paid), would amount to $40,504, showing a 
loss of $19,500 by the use of water power, as compared with steam. 
With allowance made for the portion of the supply delivered into the 
lower (Fairmount) reservoirs, this loss will be further augmented. 
The ordinary expenses of operating the water power machinery, are 
much less than those required for the maintainence of the steam 
pumping machinery, but the expenditures for repairs and renewals, 
being, of necessity, heavy for water power, will average much 
more than the expenses of repairs and renewals required for steam 
power works. 

The further utilization or increase of the pumping capacity at 
Fairmount by water power, cannot but be at an expenditure in ex- 
cess of what the increase will warrant. The last improvement of 
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substituting turbine wheels for the old breast wheels, at a great 
cost, has not increased the pumping capacity of these works; this is, 
however, largely due to defective proportion and arrangement of the 
wheels and pumps. It is doubtful if any addition to the capacity 
of Fairmount works can be made as cheaply by water power as by 
steam. The dam could be raised two feet at a comparatively small 
expense, which would increase the storage capacity of Fairmount 
pool 200,000,000 gallons, and the additional head would augment 
the power of the works sixteer per cent. (if the navigation company 
would allow the city to use this impounded water in times of 
drought). 

Although the city is the riparian owner of most of the property 
which would be affected by this increase in height of the dam, the 
expenses incident to the work, and the increased risks, would not 
warrant the execution of this project. One of the prominent ad- 
vantages claimed for the great reservoir in course of construction in 
the East Park is to increase the capacity of Fairmount 
works by storing the water pumped into it when the river is running 
full, to utilize mm times of scarcity. No figures are necessary to 
demonstrate that the expenditure of millions for such a purpose, is 
a mere waste of money. It is doubtful if the annual saving in 
pumping would cover the interest on the cost of a proper main to 
connect the works and reservoir. 

Neither would the construction of impounding reservoirs, as has 
been proposed, prove remunerative. The site selected for the great 
reservoir which was proposed as a part of the plan for supplying the 
city by gravitation from the Perkiomen, is undoubtedly the most ad- 
vantageous location for storing a large volume of water, at compara- 
tively small expense in the drainage area of the Schuylkill; its es- 
timated cost was $500,000. If its storage could be utilized to fifteen 
billion gallons per annum, to augment the power at Fairmount in 
times of low water, it would only increase the pumping power one 
billion gallons, an amount which could be pumped with $5000 worth 
of coal, at present prices, using the best pumping machinery now in 
use by the city. The figures in these estimates are based upon the 
operation of the steam machinery now in use by the city, most of 
which can hardly rank as fair, as far as economy of fuel is concerned. 
It is possible tosoalter or replace the machinery employed, as to save 
one-half the fuel now consumed, and make a corresponding reduction 
of the cost of pumping by steam. 


Yours, Respectfully, 
H. P. M. Brrxrnsrye, 
Philadelphia, March 29th, 1876. 152 S. 4th Street. 
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THE NAUTRIGON, AND SUMNER’S METHOD FOR DETERMINING A SHIP'S 
POSITION. * 


By Bernarp R. Greene, C. E. 


This word, though not familiar, is doubtless destined soon to 
become so amongst navigators, as it is the title of a new nautical 
instrument recently patented by Rev. Dr. Thomas Hill, the well known 
mathematician, ex-President of Harvard University, and now of 
Portland, Maine. 

It is intended as a companion to the sextant and chronometer, and 
is designed chiefly to ensure the rapid and accurate determination of 
a ship’s position at sea by Capt. Thomas H. Sumner’s method, now 
extensively used. As the beauty of both the method and the instru- 
ment has won the admiration of the writer, it was thought that a 
sketch of them in the columns of the News might prove interesting to 
many engineers, who, though not expecting to be immediately called 
upon to survey a trail upon the trackless ocean, are always ready to 
listen to an explanation of any new short cut to the solution of a prob- 
lem, that will eliminate all appreciable errors. 

Generally when the latitude is not correctly known, the longitude 
by chronometer will necessarily be in error, but the Sumner method 
furnishes the means, when the chronometer has correct Greenwich 
time, of ascertaining the ship’s position, as a point can be determined 
by the intersection of two straight lines upon a Mercator chart. 
Observations can be taken at any time of the day or night, when an 
opening in the clouds reveals a known and favorably situated heavenly 
body, and the horizon is not too much obscured. The method 
depends upon the determination of one or two circles of equal alti- 
tudes of the sun (or other heavenly body) which are circles upon the 
earth’s surface whose centres lie in a line joining the centre of the 
earth with the sun, or, in other words, they are like the circles of 
latitude, their poles being the points upon the earth’s surface at 
which, at the time of observation, the sun is vertical. This system of 
circles changes with the diurnal revolution of the earth and the decli- 
nation of the sun. 


* From Engineering News, Chicago, April 22d, 1876. 
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As the ship from which an altitude observation is taken will be 
somewhere upon one of these circles, it is evident that if two circles 
are determined at such an interval of time as will allow the sun a 
sufficient change of azimuth, their intersection upon the surface of 
the globe will be her true place if she has not moved during the inter- 
val. If she has moved, then the bearing and distance by dead reckon- 
ing of her last from her first position is to be laid off from any point 
of the first circle, and through the point thus found a circle of the 
earth drawn parallel to the first circle will intersect the second at her 
last position. Completing the spherical parallelogram by a line from 
the last point, her first position is found upon the first circle. 

A circle of equal altitudes is ordinarily determined as follows: As, 
by dead reckoning, the navigator always has an approximate knowl- 
edge of his latitude, he now assumes it to be, say, 30’ greater, takes 
the altitude of the sun by the sextant, its declination from the Nauti- 
cal Almanac, Greenwich time from the chronometer, and works up 
his longitude. The position thus obtained is projected upon a 
Mercator chart. Next, assuming a latitude 1°, more or less, smaller 
than before, the other data remaining the same, he works up a new 
longitude, and projects a second point upon the chart. As the same 
altitude was used it is evident that these two points lie in a circle of 
equal altitudes, which, within limits of two or three degrees, will be 
practically a straight line. Therefore, through the two points upon 
the chart is drawn a straight line, upon which the ship must be some- 
where. The bearing of any land intersected by the prolongation of 
this line is at once found, while both bearing and distance to any 
shore lying parallel and opposite to it are also found. After a suffi- 
cient lapse of time, say one to three hours, a second altitude is 
obtained, and, with the same assumed latitudes, two other points are 
projected upon the chart and a second line containing the ship’s 
position is drawn. 

These computations include four separate though similar problems, 
many searchings in tables of logarithms and corrections ; and involve 
so much ciphering as to be, therefore, liable to error, especially at the 
hands of men of moderate skill in calculation. 

Suppose now that it is desired to correct the compass. Either of 
the two lines plotted upon the chart being practically perpendicular 
to the direction of the sun at the time of the corresponding observa- 
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tion, it is evident that if the compass bearing of the sun had been 
taken at the same time it could now be compared with the true bear- 
ing of the line on the chart, by making allowance for the difference 
of 90°. 

The nautrigon, as shown in the figure, consists in principle of four 
arcs of circles. D, the declination arc; L, the latitude arc; H, the 


lower arc; and A, the altitude arc. D, L and A, represent ares of 


great circles of the earth, the first two being meridians, while H is an 
arc of a parallel of south latitude, placed in this instrument at 30°. 
This combination is, in short, a skeleton of less than one-third of a 
globe. The planes of D and Lare hinged on the line a d representing 
the earth’s axis, a being the north pole, while the plane of D is per- 
manently attached perpendicularly to the plane of H, leaving L free to 
revolve over it. 

D is provided with a vernier, carrying at its zero a short projecting 
pin which always points to the zenith, while A is detached and provi- 
ded at one extremity with a half compass card whose centre is a hole 
fitting nicely over the vernier pin. D and L are each 120°, graduated 
from the equator 90° north and 30° south; A is 90°, graduated with 
the 90° mark at the compass; and H is 120° divided into eight hours, 
with subdivisions for minutes and seconds. 

Now let us see what assistance may be rendered by the nautrigon 
in the above computations. Take the altitude of the sun simulta- 
neously with the time by chronometer. Apply to the altitude the 
tabular corrections for sun’s semi-diameter, dip of the horizon, 
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refraction and parallax, the joint effect of which is usually given in 
one table and may be applied as a single correction. Set and clamp 
the vernier at the declination of the sun taken from the nautical 
almanac, thus bringing the pin directly under the sun, the declination 
arc representing the sun’s meridian at the time of observation. 
Attach the altitude are to the vernier pin, and swing both this and 
the latitude arc to intersect each other respectively at the assumed 
latitude and corrected altitude. The latitude are then stands upon 
the hour arc at the exact number of hours and minutes before or after 
noon when the observation was taken. This reading, corrected for 
mean time as usual, compared with the chronometer time, and 15° of 
longitude allowed for each degree of the difference, gives the longitude 
corresponding to the assumed latitude. Assume a second latitude, a 
degree or so lower than the first, swing the altitude and latitude arcs 
to intersect, read off the time as before and get the second longitude. 
Two points are now determined, in a line passing through the ship, 
which may be projected upon the chart. 

As two or three subtractions and multiplications with small num- 
bers constitute the ciphering for each position, much of which may be 
done mentally, it would seem that, until there is established upon the 
ocean highway a better system of guide boards than now exists in the 
sun and stars, the operations for finding a ship’s position will never 
be simpler than these. 

By means of the half compass card of the nautrigon the compass 
variation is readily obtained. For, having taken the compass bearing 
of the sun at the time, say, of the first observation, ares A and L are 
now set to intersect at the true bearing of the sun read upon the com- 
pass card. 

In south latitudes this instrument is to be imagined as inverted, 
the north pole becoming the south pole. 

Although its design was suggested by the Sumner method, the 
utility of the nautrigon is not thus limited. It will save a large 
amount of computation in great circle sailing, when the course to be 
steered at the several verifications of position may be at once read off 
the compass card without calculation. It is also useful in the solution 
of any problem involving a spherical triangle. Tests with a completed 
instrument have given most satisfactory results. 
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THE ENGINE FOR THE LOWELL WATER WORKS, CONSTRUCTED FOR THE 
CITY OF LOWELL, MASS., 1871-2. 


J. P. Davis, C.E., Engineer Lowell Water Commissioners. 
Designed by Ropert Briaes, C.E. 


The Engine for the Lowell water works was constructed to Pro- 
posals issued by the Board of Water Commissioners of Lowell, which, 
with general specifications, were prepared by the Engineer for the 
Commissioners. The type of engine and its requirements in per- 
formance, and the controlling strength of parts were given, but both 
proposals and specifications left the design of the engine in the main 
in the hands of the bidder, and the following gives the result as 
erected by the Southwark Foundry,—Henry G. Morris, proprietor,— 
of which establishment the writer was at the time superintendent. 

This engine is peculiar in the United States as being, without ma- 
terial change, a specimen of the “ Simpson” pumping engine of En- 
gland. Its performance in duty of pumping has compared favorably 
with the reported standard of that engine. A full account of per- 
formance, together with a statement of the figures of construction, will 
be found in the JourRNAL, Vol. C, page 305, where is also given the 
specification for the boilers,—accompanying the engine, with plate. 


SPECIFICATION OF A PUMPING ENGINE FOR THE CITY OF LOWELL, MASS. 


To consist of— 


One Beam Pumpine ENGINE, with two steam cylinders (one 
high pressure and one low pressure) with air pump and condenser on 
one arm of beam ; and bucket and plunger, lift and force water pump, 
and fly wheel on the other arm of beam. 

The dimensions and proportions of the parts are of sufficient size 
when working at the lowest probable duty of seventy-five millions, 
(American standard) to raise at least five millions U.S. gallons 
through a twenty-four inch main of about twenty-five hundred feet 
length to the height of one hundred and fifty-seven feet above level of 


supply. 
GENERAL DESCRIPTION OF PARTS OF THE ENGINE. 


There will be one main cast iron bed-plate (cast in two pieces), 
which will form the base, and excepting only the outside pillow block 
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of the fly wheel shaft, will carry and sustain independently from any 
other foundation or attachment, all the parts of the machine. 

The main central column will be of such magnitude and strength 
as to be free from vibration when the engine is working with its max- 
imum load, and will form the air chamber of three hundred and sixty 
feet contents above the delivery valve; four smaller columns from the 
corner of the bed-plate will sustain a (comparatively) light entabla- 
ture which shall join into the capital of the main column ; this entab- 
lature will serve to carry the anchor block of the parallel motion, 
and also as a platform around the upper moving parts of the engine. 
The pedestals for the beam pillow-block, will rest upon the capital of 
the central column. The style of the engine, architecturally, will be 
based upon the Roman-Doric example. 

The beam will be double and of ample strength ; the fly wheel end 
being curved upwards to preserve the equality of length of main cen- 
tres of the beam, when the fly wheel shaft is moved outwards from 
the centre of the bed-plate, so as to allow the pump to be placed be- 
tween the crank and the base of the central column. 

The steam cylinders will be compound or high and low pressure, 
and will have such relative areas as to expand the steam eight times 
when it is cut off in the high pressure cylinder at seven-sixteenths 
(+4) the stroke. They will be cast from hard metal and steam 
jacketed all over, including heads and bottoms. 

The low pressure cylinder will be placed at the extreme end of the 
beam, the high pressure cylinder being as close to it as can be ar- 
ranged, so as to give the shortest steam connections. The cylinders 
will be carefully jacketed all over by a porous jacketing, outside of 
which will be heavy felt, encased in black walnut staves, with mould- 
ings at base and top, and brass bands. 

The heads will be covered with polished bonnets. 

The valves will be balanced double-beat poppet, or balanced double- 
beat lantern ones, as preferred by the engineer. 

The side pipes will have copper expansion rings to connect to the 
upper steam chests, and the supply side pipe to iow pressure cylin- 
der will have a copper expansion ring where connected to lower 
steam chest. 

The cross over is effected by a twisted passage in the chest in cen- 
tre of high pressure exhaust and low pressure side pipes. The side 
pipes will be covered in a similar manner to the steam cylinder. 
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All the steam valves will be moved by a cam shaft along the side 
of the engine, with cams acting upon rollers on rockshaft arms with 
lifters and lifter rods. The cams which move the steam valves will 
be made long and of the proper shape to be moved endwise upon the 
cam shaft as regulated by the governor, forming a variable cut-off 
after the German method. (The cam shaft will be tubular and the 
motion of the cut-off cams will be effected by a central rod.) 

The variation of cut-off will be from two-tenths (,%;) to eight- 
tenths (,8;) the stroke of the high pressure cylinder. 

The air pump will be of the usual character with rubber valves on 
brass gratings. The air pump will have a crosshead and slides in 
place of being attached to the parallel motion. The condenser will 
be of the ordinary jet type, aud will have ample dimensions (together 
with the air pump), for establishing and preserving the vacuum in the 
low pressure cylinder. Upon one side of the air pump will be attached 
a brass force air pump for supplying the air vessel, and for re- 
placing the air absorbed by the water. Upon the other side of the 
air pump will be placed the force feed-water pump; these two pumps 
will be worked from the ends of the air pump crosshead. 

The fly wheel connection is taken from the opposite extremity of 
the beam from the cylinders. 

The fly wheel will be made in segments with bolts through the 
arms. The crank will be balanced on the fly wheel hub. All the 
moving parts will be balanced in the beam. 

The pump will be “‘ bucket and plunger” with one supply and 
two deliveries on each stroke; the relative area of bucket and plunger 
being such that there shall be, as near as possible, an equality of 
labor on each half of the motion. The pump will have either slides 
or a trunk connection, as desired by the engineer. The gib and key 
will be above the top of plunger. The trunk will be removable from 
the plunger. 

The pump depends from the bed-plate, and the suction valve cham- 
ber will be attached to the body of the pump. 

The arrangement will be such that by breaking the joint with the 
delivery valve chamber and that from the suction valve chamber to 
supply pipe, the pump with all its parts can be lifted out directly 
through the bed-plate. The delivery valve will be in a separate cham- 
ber placed on the bed-plate between the pump and the central column, 
and will be accessible by lifting a cover. A by-pass, with valve, will 
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be placed on the pump to relieve the engine at starting. The suction 
valve will be double or triple beat (as preferred by the engineer), 
one and one-fourth (1}) times the area of the pump.* The bucket 
valve will be double beat. The bucket will have a broad surface 
with grooves in lieu of packing, and the delivery valve will be three 
beat and equal in area to a twenty-four inch pipe. The upper joint 
of the air chamber will be perfectly air tight under sixty pounds 
pressure of air. The discharge pipe from the air-chamber will be 
provided with a twenty-four inch stop valve, and a thirty-six by twen- 
ty-four inch Tee will be placed in the passage under central column, 
or such other provisions will be made for this part of the machine as 
the circumstances may require. The supply pipe of thirty-six inches 
diameter and not over twelve feet in length will be furnished. 

The main steam pipe will be of ample dimensions, and there will 
be an independent and separate supply steam pipe from the boilers to 
the jackets. Both main and supply steam pipes will be covered by 
porous materials, felting and walnut lagging with brass bands. There 
will be a return condensed water pipe from the jackets to the boilers, 
if they are low enough for the water to flow, or to a trap with connec- 
tion to the hot well if not. There will be suitable injection valves 
and pipe connection to a point of supply within the engine room, and 
an overflow pipe from hot well to any point not beyond the wall of 
building. Man-holes will be provided for the air vessel, the supply 
valve and at any other point where occasional access is desirable. 

There will be placed upon the outside main pedestal, a ball gov- 
ernor to regulate and render automatic the variable cut-off. The out- 
side pedestal will be supported by a box bed-plate. All the neces; 
sary foundation bolts and washers to secure the engine to the mason- 
ry will be supplied. 

There will be cast iron galleries around tops of the cylinders and 
upon the entablature, and a staircase from the floor, with finished 
hand-rails and stanchions. Cast iron floor-plates will cover all the 
openings in the bed-plate. 

An enclosed space around the fly wheel and engine will be formed 
by a finished hand-rail with stanchions made to secure to the floor of 
engine room. 


* This was changed afterwards to an arrangement of seven double beat valves in 
the suction chamber, and four double beat valves in the delivery chamber. 
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There will be provided, and suitably attached or mounted, two 
Richard's Indicators, one Bourbon steam gauge, one Bourbon vacu- 
um gauge, one water pressure gauge, one air level glass gauge ; also, 
in walnut cabinet case, a complete set of steel spanner wrenches 
which shall “ take” all the bolts and nuts. 

Three bright screw wrenches, a set of chisels, a set of hand ham- 
mers and sledges, also one pair three-fold iron blocks, with thirty 
fathoms of six and one-fourth (6}) inch manilla rope, one pair Wes- 
ton’s differential blocks for five tons, one pair same for one ton, also 
all the levers and tools required for ordinary use about the machinery. 
There will be provided as duplicates, one set of spare brasses for the 
connecting and pump rods and main links, one complete set of spare 
gum valves for air pump, and a spare valve for both suction and de- 
livery of main pump. All journals will be provided with suitable oil 
cups and drip pans, and there will be suitable pipes and pans for con- 
veying the condensed water from the stuffing boxes. 


PARTICULAR DescriIpTION oF Parts oF ENGINE. 


Bep-Puatz, will be 45 feet long by 8 feet 6 inches wide by 2 feet 
6 inches deep, and will weigh about 40,000 pounds. 

Marin Cotumn. The shaft willbe 6 feet2 inches diameter (out- 
side) at base, and 5 feet diameter (outside) at cap, and 17 feet high 
from bed-plate to cap. The capital will be 7 feet square and 2 feet 
3 inches high. 

Basks FOR BeaM PepeEstaL Biocks, will be 5 feet 3 inches by 2 
feet 2 inches by 3 feet high. 

Main Beam Pepestats. Bases 3 feet 4 inches by 1 foot 9 inches 
by 1 foot 3 inches to centres, journals 1 foot 2 inches diameter by 2 
feet long, brass box in bottom 2} inches thick, cast iron cap; both 
box and cap being lined with Babbit metal. 

Main Beam will be double, 28 feet between centres, 6 feet deep 
in middle, flange 10 inches by 3 inches, and middle rib 10 by 3 (flange 
and rib round edges), webb or plate 24 inches thick. 

Stream Enp—ParRALLeL Motion. Both cylinders will be connected 
to beams by a parallel motion formed with a main link, 5 feet long 
from centre to centre and 5 inches diameter in necks, and 53 inches 
diameter in middle, to large cylinder crosshead with boxes 6 inches 
in diameter by 7 inches long, and a pair of side links, 5 feet long 
from centre to centre and 3} inches diameter in neck and 3? inches 
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piston rod of large cylinder wili be forked. The cross pin will be 
about 2 feet long. The crosshead for small cylinder will be 2 feet 4 
inches long by 10 inches deep by 2} inches thick in middle, with jour- 
nals 4} inches diameter by 5 inches long. 

Low PressurE CYLINDER, 57 inches diameter by 8 feet stroke, 14 
inches thick ; the piston will be 12 inches deep and the rod 5 inches 
diameter. 

Hien Pressure CYLinpER, 36 inches diameter by 5 feet 1¢ inches 
stroke, 1} inches thick ; the piston will be 8 inches deep and the rod 
4} inches diameter. 

Arr Pump Connection. The rod will be 16 feet long by 3} inches 
diameter at neck and 4} inches diameter in middle; journals 34 
inches diameter by 4} inches long. 

Arr Pomp, 25 inches diameter by 3 feet stroke, brass lined, rod 34 
inches diameter and brass cased, brass buckets and seats for the foot 
and delivery valves. 

Arr Pressure Force Pump anp Feep Water Force Pump will 
each be 3 inches diameter by 3 feet stroke. 

Main Connectine Rop will be 24 feet 5 inches long by 5} inches 
diameter in neck and 12 inches by 6 inches in middle, journal 7 in- 
ches diameter by 8} inches long. 

CRANK will be of wrought iron, finished bright. 

Crank Suart will be of wrought iron, at least 10 feet 6 inches 
long by 17 inches diameter; journal 16 inches diameter by 2 feet 3 
inches long. 

Crank Suart Pepestats, base 3 feet 9 inches by 1 foot 9 inches 
by 1 foot 3 inches to centre; journal 1 foot 4 inches diameter by 2 
feet 3 inches long ; brass box in bottom 2} inches thick, cast iron cap ; 
both box and cap being lined with Babbit’s metal. 

Fiy WHEBL will be 25 feet diameter, and the rim will be of the 
required width and thickness to give a weight of about 65,000 pounds. 

Tue Pump will be 36 inches diameter by 6 feet stroke, and 1 
inches thick ; the plunger will be 25,45, inches diameter; the bucket 
will be of brass, 20 inches deep on the side, with grooves to form 
a water packing ; the flanges of the pump and air vessel will be 23 
inches thick ; the by-pass on the pump will be 4 inches diameter. 

Tae Marn Steam Pipe will be of wrought iron, welded, 8 inches 
diameter with wrought angle-iron flanges riveted and caulked, and 
cast iron flange elbows. The jacket supply steam pipe will be of 
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diameter in middle, with boxes 4} inches diameter by 5 inches long. 
The’ radius rods, anchor-blocks, parailel-rods, and back links will 
have corresponding dimensions as shown on drawing. The head of 
wrought iron, welded, 3 inches diameter with cast ircn flange elbows. 
These pipes will be so arranged as to avoid any unfair strain on the 
joints by expansion and contraction. All steam pipes will be covered 
by porous covering, felt, and lagging of walnut with brass bands. 
The dimensions of other pipes, not given in detail, will be ample, 
and all connections conveniently and suitably made. 

Tue VALves will be double beat, and for uniformity of size will 
each be seven inches diameter. The side pipes will be 10 inches in- 
ternal diameter, and the exhaust will be 12 inches diameter between 
chest and condenser. The cam shaft will be 3} inches diameter (tu- 
bular). The cams will be 4} inches radius on outside. The cam 
rolls will be 6 inches diameter. The cam roll arms and the wiper on 
rockshaft will be 18 inches long. The rockshaft will be 3 inches di- 
ameter. The lifter rods will be 2}inches diameter. To other parts, 
not specified in detail, adequate proportions will be given. 

ALL FLan@Es will be faced full width, and those of the steam cyl- 
inder and the junction of the column with the capital will be scraped 
joints. In the latter joint a copper band } inch by ? inch will be 
caulked inside the joint. 

AL Botts AND Nuts will be turned up under heads and nut faces, 
and the surfaces on which they rest will be faced off. All nuts likely 
to be used frequently will be case hardened. 

Ati. ConrectiIne Rops, gibs and keys and shafts will be of wrought 
iron and finished. 

Aut CenTREs (including main beam centre), crank and wrist pins, 
and piston rods, will be of steel and finished. 

ALL GLANDS AND Sturrine Boxes will be bushed or made entirely 
of brass. 

Tue WORKMANSHIP AND MATERIALS throughout will be equal to 
the best examples of English pumping engines. 

Tue Steam Pistons will be fitted with Wheelock’s patent steam 
packing. 
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A LECTURE ON LENSES. 


By JoseEPpH ZENTMAYER. 


LADIES AND GENTLEMEN.—Some months ago, being annoyed by a 
severe toothache, I went to a respected friend, a dentist. He exam- 
ined my teeth, and said: “‘ We will have to extract some of them.” 
Seeing my nervousness, the doctor said: ‘‘It won’t hurt you much, I 
will give you no more pain than necessary, I will treat you gently, if 
you please sit still.” He pulled out three teeth very gently! I will 
not say that to hear a lecture on lenses is as bad as getting a tooth 
pulled, but I will say what the doctor said: ‘It wont hurt you much, 
I will not give you any more pain than necessary. I will treat you 
gently—and please sit still as long as you can bear it.”’ 

A lecture on lenses is a difficult one to make entertaining. It is 
especially so to me, as I am laboring under two disadvantages, the 
first of which, as you may have already noticed, is that I am not speak- 
ing in my mother tongue; and the second is, that I have never spoken 
before so large an audience. For over thirty years, the shop has been 
my domain. I hope you will make allowance for it. 

Most of us recollect the splendidly illustrated lectures on light, 
by Prof. Henry Morton, and the well digested lectures on light and 
photography by Mr. Coleman Sellers before the Franklin Institute, 
and it remains for me only to recall to your mind some simple prop- 
erties of light, relating to our subject, with which you are already 
familiar. 

Light is propagated in a straight line. We cannot see around a 
corner. If aray of direct sunlight passes through a small hole of 
any given shape into a darkened chamber, and we hold a screen near 
behind the aperture, we observe a bright image of the shape of the 
hole. If we increase the distance of the screen and the aperture, 
the image of the hole disappears in the penumbra, and the round 
image of the sun takes its place; and, if the hole is small enough, you 
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will see not only the image of the sun, but the image of all the ex- 
ternal objects will appear likewise. This is one of the most interest- 
ing experiments, and its explanation is easy. Each point of the object 

me} B D (Fig. 1.) radiates light in every direction, 
light of the same color as it appears to our eye. 
From the point B, no light can reach the screen 
C, except through the small aperture A at B’ ; but 
if the aperture is infinitely small, no other point of 
the object can send its rays to B’. The same is 
true for every other point, for Z or D for instance; these can only 
send rays to their respective points D’ and JL’, and so on with the 
rest, and an inverted image, with all the natural colors of the object 
is produced on the screen, If we now enlarge the hole, different 
points of the object would reach the same place upon the screen ; the 
images of these points would overlap each other, and the image of the 
object would be indistinct. If the aperture is sufficiently enlarged, 
the image disappears, and the screen is illuminated homogeneously, 
taking only a tint of the most prominent colors of the objects. 
Therefore, the smaller the hole is, the sharper but fainter is the image. 
The size of the image depends upon the distance of the object from 
the hole, and also upon the distance of the screen from the hole. 
This primitive camera obscura is known by the name of pin-hole 
camera. 

Light, we said, is propagated in a straight line ; but this is only 
true, when it continues in a medium of the-same density, or 
if it enters a medium perpendicular or normal. But if a ray 
passes from one medium into another of different density ob- 
liquely, its direction is changed; it is refracted. This prop- 
erty of light was known to the ancients about eighteen hundred 
years ago, but the discovery of the law of refraction was left to 
Willebrod Snell, professor of the University of Leyden, 1621. [I 
will briefly state this very important discovery, which elevated optics 
to a positive science. If a ray of light, R (Fig. 2), falls perpendic- 
ular upon a plane surface of a piece of glass, 
A B, it enters the glass without changing its 
course, in a straight line, 2 D, it only changes 
its velocity. But if a ray, m, strikes the 
surface at FE, obliquely, it is refracted to n. 


a” 
Dia 


A ray, m’, is refracted to n’. Now if we 
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erect perpendiculars from the points m and n, and also from the points 
m’ and n’, to the normal RF D, and divide the length om by np and 
also divide o’m’ by n’p’, we will have in both cases the same quotient, 
or, as it is generally expressed: the sine of the angle of incidence 
divided by the sine of the angle of refraction is a constant, whatever 
the angle of incidence may be. This constant quotient is called the 
index of refraction. Different media have different indices of re- 
fraction; thus a diamond has a higher index of refraction than flint 
glass, and flint glass a higher one than crown glass. 

Another important law of refraction may be mentioned, it is this: 
The incident and refracted ray and the normal are situated in the 
same plane. 

If a ray of light falls on @ parallel piece of , 
glasss, A, (Fig. 8), perpendicularly, it will pass 
through it in a right line, because it is coincident ¢ 
with the normal. But if a ray, R, strikes the é 
glass obliquely, it will be refracted toward the nor- 
mal, WV, and away from it when leaving it. As W 
the normals n and m’ are parallel, so must the incident and refracted 
ray be after leaving the glass. 

Now let us see another case, where the two surfaces are not par- 
allel, but form an angle with each other. Such a medium is called a 
prism. 

Ro (Fig. 4) is an incident ray ; the ray is refracted towards the 

~* - normal J, along oo’, and by leaving the prism 
it is again refracted, but this time from its nor- 
mal WV, as it passes from a denser to a rarer 
medium. Therefore, incident rays on a face 
of a prism are always refracted towards the 
base. We are now tolerably well prepared to 


see what a lens is. 

A lens is a transparent medium, of which the two surfaces are 
either both curved, or the one is plane and other curved. If the 
curves are spherical, the lens is called a spherical lens, if the curve 
is parabolic it is a parabolic lens, etc. Lenses are divided into two 
classes, converging and diverging lenses. The converging lenses, 
which are thicker in the centre than at the margin, are: the double 
convex with both surfaces convex; the plano convex with one sur- 
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face plane and the other convex ; and the convex concave (Meniscus) 
with one convex and one concave surface, but the convex of the 
shortest radius. This class of lenses, which may all be used as mag- 
nifying or burning glasses are called convex or positive glasses, and 
these only are, strictly speaking, lenses. The diverging lenses, which 
are thinner in the centre than at their margin, are : The double con- 
cave, with both surfaces concave; the plano concave, with one surface 
plane, the other concave; and the concave convex, with a concave 
and a convex surface, the concave having the shorter radius. 
These diverging lenses are called negative glasses. Fig. 5, exhibits 
the several lenses in the order we have named them; of which A BC 
are positive, and D H F negative glasses. 


Fig. 5. 


DAL) 


The general properties of lenses, which are of importance, are: 
first, the principal axis; second, the optical centre ; third, the prin- 
cipal and conjugated foci; and fourth, the nodal points or conjugated 
centres. A straight line, drawn through the centres of curvature of 
the spherical surfaces of a lens, is the principal axis of the lens; if the 
one surface is plane, the axis passes through the centre of curvature of 
the spherical ‘side, and is perpendicular to the plane surface. In all 
lenses the principal axis must go through the middle of the lens, that 
is, in the concave through the thinnest, and in the convex through the 
thickest part; otherwise, we have a prism with spherical surfaces, and 
not a lens. 

Every lens possesses a point, situated in its principal axis, which is 
of great importance. Rays of light, passing through that point, will 
undergo equal opposite refraction, so that it will leave the lens par- 
allel with the direction in which it entered. If we consider the lens 
without thickness, we simply say: rays passing through the optical 
centre of a lens, undergo no refraction. The optical centre can, 


readily, be found by drawing two radii, A B and C D (Fig. 6), from 


A B 


A A SSS se PS rl ss SS nese 


Chemistry, Physics, Technology, ete. 


the centres of curvature A and (” of its surface, par- 
allel to each other, but oblique to the axis A C, then 
connect the two extremes B and D, and the line B 
D or its prolongation will cut the principal axis in O, 
the optical centre. If the lens is a double convex 
one of equal radii, the optical centre is the centre of 


the lens, or its centre of gravity. Fig. 6 is such a 
lens. Now suppose we change one curve into a shal- 
lower one, of longer radius, it is evident, that the op- 
tical centre is shifted towards the predominant, more 
curved side, and if we continue to make that side 
shallower, it will gradually move towards Z, until 
the surface is converted into a plane, in which case 
the optical centre is coincident with the point where the axis cuts the 
curved surface EZ. This, we will see afterwards, is an important point. 
But let us go on in the same way, still reducing that surface by making 
it a concave or negative one; it is clear that the optical centre still 
marches on, moving out of the lens, and if we go on so far as to 
make the negative curve equal to the positive one, then the optical 
centre would be in infinity, and if we disregard the thickness, we have 
no lens, but a non-optical glass like a watch glass. All straight lines, 
passing through the optical centre of a lens are called secondary 
axes. The next and most important of the general properties of a 
lens is their principal focus and the conjugated foci. If we hold a 
convex lens towards the sun, and a sheet of paper at a certain dis- 
tance behind it, we observe a bright little circle, in which the sunlight, 
falling upon the lens, is collected ; the point where the circle is small- 
est, and, therefore, most intensely illuminated, is called the principal 
focus ; that is, the focus for parallel rays. 

If we have to calculate the area of a circle, we are bound to look 
at the circle as a polygon of an infinite number of sides, and we will 
do well to take the lens as an infinite number of prisms, more so, as 
the infinitely small portion of the lens, struck by the ray, may be 
taken for a tangent plane. Thus a converging lens may be 
considered as prisms united at their bases, and a diverging lens of 
prisms united at their apices. As we already know that prisms re- 
fract parallel rays towards the base, it is easily seen why converging 
Jenses refract the rays R R (Fig. 7) to f, and that diverging lenses 
diverge the rays R & tof’. 
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The distance of the focus from the lens depends, 1st, upon the curva- 
ture; 2d, upon the refracting power of the material; and 3d, upon the 
thickness of the lens. 

Not to make the matter unnecessarily complicated, we will take the 
supposition that cur lenses have an extremely small, or no thickness 
at all. For common glass of an index of refraction of 1-5, calcula- 
tion shows that a plano convex lens has a focal length of the diam- 
eter of the sphere of which the lens is apart. A double convex lens 
of equal radii has its focus half that distance, or equal to the radius 
of the surfaces. If the double convex lens of equal radii, say of 
10 inches, is made of the following substances, the thickness ne- 
glected, the foci would be, 

For common glass, index of ref. 1°5 focus 10 inches. 
“ flint - ” 4 16 “s $3. 
“ diamond, “ = 2°439 7 | In. © 
We see that the diamond lens of the same radius has a focal length 
of little over 4 of the crown glass lens. 

We have now seen, that luminous rays from a point, infinitely dis- 
tant, are collected to a single point in the axis, the principal focus. 
But let us suppose we move the luminous point towards the lens, to 
make the rays perceptibly converging; then, the lens, which was 
strong enough to bring parallel rays to the point, where the principal 
focus is situated, is not strong enough to bring these diverging rays 
to the same point, but they will cross the axis at a point farther re- 
moved from the lens; and as the radiating, luminous point is moved 
nearer to the lens, the farther off from the lens they will cross the 
axis; by moving still on, we came to a point, where the radiating 
point and the point where the rays cross the axis on the opposite side, 
are equally distant from the lens, In this case, the radiating point 
and the rays where they cross the axis are nearly four times the dis- 
tance of the principal focus apart. For ordinary purposes, this af- 
fords a ready means to determine the principal focus of a lens. But 
let us move on still nearer to the lens, and the focus on the other 
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side will continue to move farther away, until we reach the principal 
focus this side; then the rays will emerge parallel on the other side. 
By over-stepping that point, the rays will emerge diverging. These 
variable distances of the luminous point and the focus on the other 
side, are called the conjugated foci. There remains to be mentioned 
another important general property of lenses, the nodal points, or, as 
they are sometimes called, the centres of admission and emission. 
M is a double convex lens of equal radii, o is its optical centre. 
Any ray passing through the optical centre, as 
R R, emerges on the other side parallel to its first 
direction, R’R’, as explained before. If we now 
prolong # and £ in their first direction, they will 
meét at a point P, the one nodal point, or the 
centre of admission, and if the emerging rays are 
also prolonged, they will converge to a point P’, the other nodal point, 
or the centre of emission. We recollect that in the pin-hole camera 
the size of the image compared with that of the object is exactly in 
the same proportion as the distance of the screen to the hole 
is to the distance of the object from the hole. These distances 
represent the two conjugated foci, as there is no deviation 
of the rays from @ straight line, and the two triangles, which are to 
be compared, meet with their apices. But if we have a bi-convex 
lens (Fig. 9) and A B an object, CD its image, it is clear that the 
conjugated foci are to be measured from the nodal points P and P, 
and the two conjugated foci are F P and F P, showing how erroneous 
it is to measure the foci either from the surface of the lens, or from 
the optical centre. In a Meniscus, the 
one nodal point is situated outside of the 
lens, and the other one inside of the lens. 
But in a plano convex lens the optical 
centre, as well as the nodal point, is 
situated where the principal axis crosses 
the curved side. The plano convex lens 
is therefore the only lens of which the focal length can be measured 
directly. If the plane side is placed towards avery distant object, 
the distance of the curved side to the image is the principal focus. 
It is often necessary to know the focal length of a lens or a com- 
bination of lenses, especially in photography ; but if no plano convex 
lens of known focal length is at hand, for the purpose of comparing 
the size of the image, the following way may be adopted: first, focus 
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the lens for a very distant object, on ascreen, and mark the position 
of the screen. Do not move the lens but place a bright object, about 
twice the focus of the lens, in front of it as near as you can suppose ; 
now move the screen about the same distance from the lens, as the 
object was placed, and focus thereupon. If you find the object and 
image not of exactly the same size, move object and screen accord- 
ingly, and focus sharp, until the object and image are precisely of 
the same size ; mark the position of the screen again, and the distance 
of the first and second mark is the focal length of the lens, or the 
equivalent lens of a combination of lenses. 

We are now acquainted with the most important properties of a 
lens, and it remains only to be said, that all combinations of lenses 
have precisely the same general properties as single lenses. 

We come now to a somewhat more complicated and difficult part of 
the subject, the aberrations of lenses, and the modes of their correc- 
tion. So far we have supposed the lens as very small, in relation to 
its focal length, and that, with such a lens, all rays coming from one 
point, are refracted by the lens in one point again ; but in practical 
optics such is not the case, as lenses of very large aperture are often 
required in modern optical instruments, and the rays coming from one 
point are no longer collected in one point, and this optical defect 
occasions the different aberrations. For over a century the correction 
of these aberrations employed our most eminent mathematicians, as 
Euler, Fraunhofer, Herschel, Fresnel, Littrow, Gauss, Airy, Petz- 
val, and others. 

The most important of these aberrations are: spherical aberration, 
chromatic aberration, curvature of field, distortion and astigmation. 
= £ i» The marginal parallel rays R # (Fig. 
a , 10), passing through a convex lens, L, 
c => R cross the axis at f’, nearer to the lens, 
R’ than the more central ones R’ R’, which 
+f f " |__p cross at f. This is a result of the 


spherical surface of the lens, and is 


called spherical aberration. 

If we present a convex short focus lens to solar rays and produce a 
sharp image of the sun on a piece of white paper, we will find that 
the image at f, which is the one made by the central rays (and there- 
fore is the sharpest), is surrounded by a halo, a}, which is what we 
call the lateral spherical aberration. This halo is, as you see, pro- 
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duced by the shorter marginal rays, R R, after crossing the axis, di- 
verging, and is also called the circle of aberration. f’f, the distance 
of the difference of the central and marginal rays, constitutes the 
longitudinal aberration. The least spherical aberration is where the 
two cones intersect each other between f’ and f. This aberration 
is called positive. 

If converging rays R R and R’R’ (Fig. 11), which we suppose 
wx % w would be collected in the point 0, fall on a con- 

cave lens, the marginal rays FR R are refracted 
stronger than the more central ones R’ R’, con- 
sequently R R will cross the axis farther from 
the lens, at f’, than the more central ones, R’ R’, 
which cross the axis at f. In this case the 
spherical aberration is of the opposite charac- 
ter, and is called negative aberration. It is 
evident from the foregoing that spherical aber- 
ration varies with the aperture of the lens, and 
\ ey the material of which the lens ismade. There- 
fore, the larger a lens is in proportion to its focal length, the greater is 
its spherical aberration ;—a lens of an aperture of, say 1-50th of its 
focal length has no perceptible spherical aberration. The longitu- 
dinal spherical aberration increases as the square of the diameter of 
its aperture, and inversely, as its focal length, while the lateral aber- 
ration increases as the cube of its aperture, and inversely, as the 
square of its focal length. 

Thus, if we have two lenses of the same curvature, made of the 
same material, but the one of twice the aperture of the other, the 
longitudinal aberration of the larger one is four times as great, and 
the lateral or circle of aberration is eight times as great as that of the 
smaller one. 

If two lenses have the same aperture, but the focal length of the 
one is twice as long as that of the other, the longer one has only one- 
half the longitudinal, and one-fourth the lateral aberration. As a 
lens made of a denser medium, say of heavy flint glass or diamond, 
requires, for the same focal length, a longer radius of curvature 
than one made of crown glass, it follows, that its spherical aberra- 
tion is less. 

The single lens of ordinary glass, having an index of refraction of 
1:5, has the form of least spherical aberration when it is a crossed 
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or convex lens with the surfaces of different radii, the proportions of 
the radii depending on the index of refraction of the material of 
which the lens is made. For ordinary glass, index 1:5, the radii 
are as 1 to 6, the shortest curve towards parallel rays. The best 
form for a lens made of flint glass, index 1:6, is the plano convex, 
and for diamond, is a Meniscus, of which the convex radius is to the 
concave as 2 to 5, for radii of curvature. 

We see that in lenses of wide apertures the spherical aberration 
may be considerable enough to interfere with the sharpness of the 
image, especially if, as in a telescope and microscope, the image with 
all its errors is magnified by an eye-piece. Let us now see what 
means we have to reduce, correct, or destroy the spherical aberration. 
The most simple way is by the use of a diaphragm. A diaphragm is 
a non-transparent plate, commonly made of metal, perforated in cen- 
tre. A Bis such a diaphragm; ed, the aperture of it. If this 
diaphragm is placed in contact with the lens, itis nearly Fs" 
equal to reducing the lens to the size of the aperture of 
the diaphragm, and as we have seen before, the spherical | 
aberration is considerably reduced, but the light also. © 
If the loss of light is of little consequence, this mode of 4 
reducing spherical aberration may be adopted with advan- 
tage. Another way of reducing the spherical aberration B 
is by adopting for a given aperture and focal length two or more 
lenses of the same aperture, and the same equivalent focus of the 
single lens. We have seen before, that two lenses of the same aper- 
ture, but their focal length, as 1 to 2 to each other, the longer one 
has only one-fourth of the spherical aberration of the shorter one. 
Lens M (Fig. 13) has its focus at f. The lenses Z and WN are of the 

Fig. 13 M same aperture as M, but each has twice the focal 
length of the lens M ; therefore, each has only one- 
fourth the spherical aberration of M, but Z and NW 
together have the same focal length as M, and as 


their apertures are alike, the combination Z W has 
only one-half the lateral spherical aberration of the 
lens M. But by this mode of correcting, it is not 
possible to destroy the spherical aberration com- 
pletely, although it is stated in some works on optics, 
that a combination of two convergent lenses was cal- 
culated by Sir John Herschel, and said to be free 
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of spherical aberration. This, however, is a mistake, which Herschel 
himself has rectified in his memoirs. 

We now come to the most important method of correcting spherical 
aberration, that is, by a second lens of opposite character. Suppose 
we want to correct the spherical aberration of the positive lens, D, 
(Fig. 14) along its axis. ff’ is the longitudinal spherical aberration 
of the rays A B, parallel to the axis A, at the 
margin of the lens, and B near the centre of the 
lens Z. If we combine this lens with a conver- 
gent negative lens, M, it is not difficult to see, by 
what we learned before, that the lens M has very 
little power to change the direction of the ray bf’ 
and bring it, say to F, but it will greatly change 
the course of A f, so as to bring it also to F, since 
the prismatic form is greater at the margin than 
at the centre. Of course, the form of the lens 
must be suited to the material of which it is made ; 
for our present purpose, both of the lenses may be 
made of the same glass, but it is much better if 
the lens M is made of a denser glass, as we soon 
shall see, that the same lens may be used to cor- 
rect the chromatic aberration also. By this 
method the spherical aberration can not only be 
corrected, but the marginal rays can be made to cross the axis farther 
from the lens than the central ones; in this case the lens is called 
over-corrected, while if not enough corrected, it is called under-cor- 
rected. So far we have considered the aberration of rays parallel 
with the axis. But magic lanterns,- photographic and microscopic 
lenses include angles from 40° to 175°, and the foregoing is only 
applicable to a narrow angle near the centre of the lens. If a lens, 
corrected parallel to its axis for spherical aberration, is struck ob- 
liquely by parallel rays, the longitudinal aberration is different for 
two diameters, and is greatest in the plane, laid through the axis 
of the lens and the radiating point ; therefore, the circle of aberration 
becomes the more elongated, as the more obliquely and marginally 
the light strikes the lens, until it terminates in a point at their 
extreme margin, which is known as the coma. 

L is a plano convex lens; H F, an axis through the optical centre, 
making a considerable angle with the axis DZ. Rand R’ are parallel 
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marginal rays. Theray F will cut the Ps. 'F: 
axis at ¥”, and R’ farther off at F, and 
therefore the image of a luminous point 
is nO more a point, but appears elon- 
gated, and in the extreme has the shape 
of a coma, which in this case is di- 
rected downwards. If we reverse the 
lens, as in the next figure, so that the 
incident rays fall on the convex side, 
the coma is directed outwards. We see, 
we have here, by reversing the lens, 
opposite comas; and such lenses of op- 
posite character properly combined, at 
the right distance, and furthermore, by the use of a diaphragm at 
the proper place, the spherical aberration for oblique rays, can be re- 
duced to a small amount. 


Fig. 15 


(To be continued.) 


ON THE DEVELOPMENT OF THE CHEMICAL ARTS DURING THE LAST 
TEN YEARS.* 


By Dr. A. W. Hormanyn. 


From the Chemical News. 


[Continued from Vol. ci, page 270. ] 


The author remarks in a note that the number 21 for ice and salt 
signifies the permanent temperature below 0°, which is observed till 
the whole mixture is melted. The correct number in relation to the 
other freezing mixtures would be 81°, ¢. ¢., the sum of the latent 
heat of ice 79°, and the dissolving temperature of salt, 25°. This 
temperature would be actually observed if a concentrated solution of 
salt had no freezing point, when the entire mass of ice and salt would 
melt at once. 

Mixtures of salts yield a far greater decrease of temperature than 
the salts singly, as they dissolve together in far less water. One part 
sal-ammoniac dissolves in 3 parts of water and produces a fall of 
temperature of 19°. Saltpetre dissolves in 6 parts of water and 


* «Berichte tiber die Entwickelung der Chemischen Industrie Wiihrend des Letzten 
Jahrzehends.”’ 
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lowers the temperature 11°. Compare with these the fourth and fifth 
mixture in the foregoing table. The fifth is also especially to be 
noticed in comparison with the fourth. 

The three last columns of the table show the consumption of ma- 
terials and tke cost (retail and wholesale) for 120 heat units, which 
suffices, in case of the salt and ice mixture, for the conversion of 1 
kilo. of water into ice. The other mixtures only convert about 4 
kilo. with the same consumption. 

The ice and salt mixture, which is added for comparison, will be 
seen to be much more efficient and much cheaper than all mixtures, 
if it is intended to use the materials only once. The second mixture, 
Glauber’s salt and hydrochloric acid, cannot be re-used, as likewise 
the last mixture in the table. These two are still relatively cheap. 
The mixture, which, by evaporating the solution of the saline residue, 
ean easily be restored to its original state (nitrate of ammonia and 
sal-ammoniac), requires such a heavy outlay that it would be out of 
the question if used only once. It was used in an apparatus by 8S. 
Charles, which first became known at the Paris Exhibition of 1867. 
This consisted of a small wooden cask with a perforated lid. The 
inner vessel containing the articles to be frozen was made of tin, and 
was fitted with a screw thread so that when caused to revolve it ef- 
fectively mixed the salts and the water. Another modification, by 
Toselli and Co., of Paris, is known as the glaciere italienne roulante.* 
It consists of a tall tin capsule, in which a conical tin tube is sus- 
pended. <A good cover connects both vessels, and the internal tube 
in which are put the materials for the ice cream is also stoppered 
separately. The freezing mixture occupies the annular space around 
the tube. When charged, the whole ‘apparatus is wrapped up in cloth 
and rolled up and down upon a table. In efficiency both forms of 
apparatus are nearly equal, but the first mentioned is more conveni- 
ent. Neither has come extensively into use, at least not in places 
where ice is to be procured. It is necessary to work upon large 
quantities in obtaining trifling results. 4 kilos. of mixture yield 
scarcely 1 kilo. of ice cream of less firmness than that prepared with 
ice and salt, or a little more than } kilo. in summer. Where cold 
spring water is not to be had, or where no cold cellar exists, the re- 
sult is altogether doubtful without repeating the operation twice over, 
the first process being the preparation of cold water, which is too tedious. 


* Bad. Gew., 1868, 106. Wagn. Jahresber., 1867, 538, and 1868, 605. 
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The evaporation of the saline solution in order to recover the salt, 
is a task such as does not otherwise occur in the kitchen, and requires 
some care in its performance. The total of the process is not adapted 
for domestic arrangements, even though the expense of restoring the 
salts be insignificant. 

We have now to examine in how far the solution of salts is availa- 
ble for the production of ice on a commercial scale. This question 
can be arithmetically answered by means of the figures given in the 
table. To prepare 1 kilo. of ice from water at the mean temperature 
of 12° C., not much less than 120 heat units will be consumed, if we 
take losses into consideration. This amount is, indeed, yielded by 
the mixture of nitrate of ammonia and sal-ammoniac ; but little more 
than the half of this falls below 0° C., since the substances used in 
the most favorable case will have this initial temperature. The cold 
still contained in the spent mixture, when no longer applicable for 
freezing, may, indeed, be transferred to the water used in a fresh 
mixture, and thus the total cold of solution below 0° may be con- 
ceivably utilized, losses being neglected. We require, therefore, 3 
kilos. of water for 1 kilo. of ice, and in the regeneration of the ma- 
terials these 3 kilos. of water must be evaporated by artificial heat. 
The effect of 1 kilo. of coal burnt under the evaporating pan amounts 
to little more than 6 kilos. of steam. Consequently 1 kilo. of coal 
yields little more than 2 kilos. of ice, overlooking, too, the mechani- 
cal power required. This result is very unfavorable, since other ice 
machines produce a better effect—the ammonia apparatus four to five 
times greater. Hence no arrangement for the manufacture of ice on 
the large scale has been constructed on this principle, although it 
would have a great advantage in simplicity of structure, requiring 
merely open vessels. Nor can we expect that the circumstances will 
ever appear more favorable, except salts are discovered, which, during 
their solution, produce a fall of temperature several times greater than 
that of the known mixtures. But this is improbable, since all known 
salts have been examined in this respect. If common salt were so 
costly a body that its recovery were desirable, not more salt than 
would serve for 4 kilos. of ice could be recovered by the consumption 
of 1 kilo. of coal in evaporating the spent mixture. 

We may finally mention that in 1869, Riidorff* examined the fall of 
temperature to be obtained by the solution of single salts. His 


* Riidorff, Ber. Chem. Ges., ii, 68. Dingl. Pol. J., exciv, 57. Wagn. Jahresber., 
1869, 508. 
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table of results contains 20 salts, among which we call attention to 
two not yet mentioned, as they produce the lowest temperature of 
any single salt: the sulphocyanides of ammonium and of potassium. 
105 parts of the former dissolved in 100 parts of water produce a 
fall of 31-2°; 180 parts of the latter in 100 parts water lower the 
temperature 34°5°. 


II. Cold from Spontaneous Evaporation. 


Liquids capable of forming vapors require, as is well known, for 
their transformation into the gaseous or aeriform state, considerable 
quantities of heat, which are necessary to maintain them in that con- 
dition. The heat of evaporation is not indicated by the thermometer, 
and is therefore often spoken of as combined heat in contra-distinc- 
tion from the so-called free heat which acts upon the thermometer 
and determines temperature. The combined heat of different liquids 
varies greatly; that of water, e. g., at a temperature of evaporation 
== 84°, amounting to 58°3 heat units, whilst that of an equal weight 
of ether evaporating at the same temperature is only 90. 

In the process of evaporation liquids are compelled to draw their 
supply of heat for evaporation in the first place from their own store 
of free heat. In consequence the temperature sinks. As, however, 
heat is conveyed from without to every substance whose temperature 
is lower than that of its surroundings, and as this influx is the more 
rapid, the greater the difference of temperature, the cooling process 
is not without its limits. A state of equilibrium is attained as soon 
as, at a certain reduction of temperature, the loss of free heat 
caused by continued evaporation is compensated by the access of heat 
from without. 

The depth of the lowest temperature of an evaporating liquid is 
more or less dependent on external circumstances. This point is, 
however, in all cases reached the more readily because as the tem- 
perature of evaporation falls, the tension of the vapor, and at the 
same time its density and its quantity, decrease. The volume, e. g., 
of 1 cubic meter, which at 34°, can be filled with 37-25 grms. of 
saturated watery vapor, admits, at 0°, only 4:76 grms., and at — 10°, 
only 2°29 grms. Hence, it is perfectly plain that at — 10°, circum- 
stances being otherwise unaltered, evaporation proceeds much more 
slowly, and consequently the accession of heat from without must 
have a greater effect than at 34°, 
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The case is similar with other liquids, but so, in general terms, 
that those evaporate most rapidly which, at a given temperature of 
evaporation, possess the greatest maximum tension, or, what amounts 
to the same thing, those whose boiling point lies lowest. Thus, if 
ether evaporates spontaneously, the volume of 1 cubic meter contains 
at 34°, 3750 grms.; at 0°, 1515 grms.; and even at —10°, 654 
grms. of vapor; whilst at this temperature water yields only 2°29 
grms. The much lower latent heat of the vapor of ether is, as we 
see, amply compensated by the far greater weight of the mass that 
evaporates under equal conditions. Thus the strong cooling power of 
evaporating ether is easily intelligible. 

Still more striking in this respect are liquid sulphurous acid and 
liquid ammonia, whose boiling points are respectively — 10° and — 
33°. 

The intensity of the cooling of an evaporating liquid is greatly 
augmented by cutting off, as far as possible, the accession of heat 
from without. This is effected, of course, by the use of coverings 
which conduct badly. On the other hand an attempt is made to re- 
move influences which interfere with the speed of evaporation. An 
essential point is removal of the external atmospheric pressure, since 
the air opposes a mechanical hindrance, not, indeed, to the formation 
of the vapor rising from any liquid, but to its rapid dispersal. Hence 
a given space, for whose perfect repletion with saturated vapor sev- 
eral minutes would not suffice, is almost instantaneously saturated if 
the air be withdrawn. 

For the removal of the air a good air pump is in most cases em- 
ployed. The air pump alone as a promoter of evaporation would, 
however, in general, prove insufficient, since its action is not power- 
ful enough to remove the vapors with the same speed as they are 
produced in a space free from air. But the evaporation is completely 
interrupted as soon as the given space is filled with vapor of the same 
temperature at which the evaporation goes on. This purpose of a 
speedy removal of the vapors arising from an evaporating liquid is 
satisfactorily effected by their absorption ; thus the vapor of water is 
removed by means of concentrated sulphuric acid. 

For the generation of cold by evaporation, liquids are most suitable 
which require a technical preparation and possess a considerable 
value. In the manufacture of ice on the large scale it is therefore 
needful to restore the escaping vapors to their original condition, i. e., 
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liquids capable of re-evaporation so that a given quantity of material 
may serve again and again, circulating continually. This restoration 
can be effected by two processes, different in form and action, of which 
the ether machine and the ammonia machine are respectively almost 
the sole existing representatives. 

The ether machine is arranged as follows :—A double action air 
pump, worked by some especial source of power (generally a steam 
engine), draws incessantly the vapor of ether out of a vessel filled 
with liquid ether (ice generator or evaporation receiver). By the re- 
turn of the piston the vapor is compressed and driven into a worm 
cooled by water. As the vapor which has been heated by compres- 
sion cools, it condenses to a liquid which is collected in a suitable 
vessel, whence it is driven by the pressure of the condensed vapor 
back into the evaporation receiver, where it recommences its function. 

The principle of the ether machine was patented in England by 
Jac. Perkins, of London, as early as 1834. His apparatus contains 
all the parts requisite for continuous action—evaporation receiver, 
air purap, and worm condenser. The first mentioned part, according 
to the drawings, consists of a vessel like a boiler, formed of two seg- 
ments of a sphere and surrounded with water. This arrangement is 
not very suitable, possibly for the reason that nothing further has been 
heard of the devolopment of the apparatus. Or, possibly the time 
was not yet come for the utilization of the principle, the demand for 
ice being not important enough to render it a remunerative business. 

The next patent for an ether ice machine was taken out in 1856, 
by John Harrison, of Geelong, in Victoria. In September, 1857, he 
obtained a patent for improvements, according to which latter the 
machine is arranged, as follows :—The evaporator has the form of a 
horizontal tubular boiler, with numerous narrow tubes. Through 
tubes a concentrated solution of common salt which is pumped up at 
the top, streams down in a zigzag direction, the tubes being divided 
in three sets from above, downwards. The ethereal liquid streams 
out of the condenser into the boiler outside the tubes. The solution 
of common salt passes from the boiler into a long tank, in which are 
suspended vessels of the water to be frozen (ice boxes), passes through 
it, and is pumped up again into the boiler. The arrangement is per- 
fectly rational. Harrison states in his specification that he can, by 
means of his machine, produce a temperature of —29° ; but from an 
economical point of view he prefers —2° to —5°, The process of 
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freezing is then slower, but the expenditure of power is much less, 
and the ice is transparent like natural ice. At the end of the year 
1859, Lawrence established works at Liverpool for the production of 
artificial ice, and sold it at one halfpenny per lb. Dullo* and Griin- 
bergt have described the process, the latter with illustrations. From 
40 to 60 ewts. of ice were prepared daily by means of a steam en- 
gine of 15 horse power. In 1860, Laboulay} described an ether ice 
machine by F. Carré, of Paris. In it the ether acted directly upon 
the water to be frozen.§ It was soon abandoned by Carré after he 
had succeeded in carrying out the ammonia machine, which is far 
more efficacious. In March, 1862, Dr. Siebe, of Lambeth, obtained 
an English patent for an improved ice machine. The general ar- 
rangement is the same as Harrison’s. The boiler, instead of being 
horizontal, is vertical. There are also changes in the air pump and 
the cooler, which do not affect the principle. The ice boxes are so 
arranged that when the first one, which is exposed to the influx of the 
cold liquid, is frozen and taken out, the entire series slides forwards, 
and the new box filled with fresh water comes in last. From this 
date we find Siebe’s name alone connected with the machine in ques- 
tion, which, however, is still spoken of as Harrison's principle. 
Siebe’s machine figured at the London Exhibition of 1862. 

Siebe’s machine appeared at the London Exhibition of 1862. 
Schmidt|| published an illustrated description of the machine ex- 
hibited, remarking that another machine in the possession of the 
patentee, worked by a 24 horse power engine, produced 5 tons of ice 
in 24 hours, which, under the most favorable circumstances, may be 
regarded as 4 kilos. ice per kilo. coal consumed. In this machine 
the evaporator is like a boiler with horizontal tubes. It is stated 
that** the cost of producing the ice amounted to one and a half marks 
(about 1s. 6d.) per cwt. A further account of Siebe’s machine is 
found in Engineering for 1868, No. 483.¢+ 

According to this journal such a machine was in use in Truman 


* Dullo, Dingl. Journ., clviii, 115. 
+ Griinberg, Pol., Centraldl., 1863, 656. 

t Laboulay, Bull. Soe. d’ Enc., 1860, 129. 

2 Dingl. Pol. Journ., clviii, 109. 

|| Schmidt, Dingl. Pol, Journ., clxviii, 434. 
** Dingl. Pol. Journ., elxvii, 397. 

tt Dingl. Pol. Journ., exci, 189. 


Wuote No. Vou. Cl.—(Tarrp Serres, Vou. LXXI.) 


354 Chemistry, Physics, Technology, ete. 


and Hanbury’s brewery, in London, yielding 6 tons of ice per twenty- 
four hours, and worked by a high pressure engine of 15 horse power. 
1 ewt. of coal produced 44 ewts. of ice. The solution of salt is said 
to have a temperature of — 8° to -—12°. In 1870, appeared a final 
description of Siebe’s machine.* A new and very compact little ap- 
paratus is mentioned, driven by a 1 horse power engine, consuming 5 
to 6 lbs. of coal per hour, and yielding 12-5 to 15 kilos. of ice hourly 
or 5 kilos. of ice to 1 of coal. 

No intelligence has been obtained concerning ether machines from 
other countries and by other makers. It has never, to our knowledge, 
been brought into use in Germany. At the Vienna Exhibition this 
principle was represented by one machine by Siebe and Gorman, of 
London. 

Ether is a liquid which, under ordinary pressure, boils at 35° C. ; 
under other circumstances the relation between temperature and 
pressure is as follows :— 

Temperature, —20° 0° +20° 40° 90° 120°C, 
Pressure, 0:09 0-24 06 1:2 5 10 atmos. 

If allowed to evaporate much below the freezing point of water 
the tension of the vapor is very low, perhaps only one-tenth of an 
atmosphere. Hence the external air exerts a great and permanent 
pressure upon the evaporator, and upon the air pump which draws out 
the vapor. The joints and fastenings must therefore be made with 
extreme care, lest a trace of air should enter, which would have the 
most pernicious influence on the working of the machine, and es- 
pecially on the speed of evaporation. On compressing the vapors, 
the tension rises to several atmospheres, and a rise of temperature 
occurs, amounting certainly to more than 60°. If cooled at this 
pressure, the vapor recondenses to a liquid. More accurate state- 
ments as to relative pressure and temperature of the vapor of ether 
cannot be found. The basis for the caleulation of the theoretical 
duty of the machine is the same as that of the air machine to be de- 
scribed below, for which the requisite data are furnished and to which 
we may refer. From the known magnitude of 90 heat units (the 
latent heat of the vapor of ether), it is possible to caleulate how much 
ether theoretically, must be evaporated to yield a given weight of ice. 

Substitution of Methylic Ether for Ethylic Ether —Methylic ether 


is formed by the action of sulphuric acid upon methylic alcohol or 


* Prakt. Mech. J., 1870, 251. 
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wood spirit, a homologue of the ordinary ether produced by the action 
of sulphuric acid upon spirits of wine, and distinguished by its far 
greater volatility. Methylic ether is gaseous at ordinary tempera- 
ture and pressure, and can be condensed to a liquid only by great 
pressure or by cold. The liquid, at the pressure of one 
atmosphere, boils at — 21°. Tellier, of Paris, has used this ether as 
an agent for the production of cold in his ice machine, which is con- 
structed exactly like that of Siebe.* 

The difference in the effect can only be explained by the produc- 
tion of a far lower temperature. Within the entire machine also 
there is an excessive tension, so that the vapor seeks to escape at the 
joints, thus debarring the air from entering. The air pump also is of 
much smaller dimensions as it draws and compresses a far denser 
vapor, thus notably reducing the loss of power due to the friction of 
the piston. If, however, the work is carried on at greater differences 
of temperature than in the common ether machine, the engine must 
expend more power, as appears from the theory of the air machine. 
For equal temperatures of evaporation and condensation, the theoret- 
ical effect of the two machines is equal. Tellier keeps a sufficient 
quantity of methylic ether stored in cast iron vessels capable of bear- 
ing a pressure of 10 atmospheres. On opening a cock the gas streams 
out, the liquid is cooled, and if the vessel is set in water this soon 
becomes frozen. The ether is thus certainly lost. Occasionally this 
method may be found useful. 

Other substances of low boiling points, may, like the above named 
ethers, be applied for producing a fall of temperature, but no differ- 
ent result can be expected from their theoretical action. Thus Van 
der Weyde, of New York, makes use of chymogen, a constituent of 
natural petroleum, evaporating between 0° and 16° C., of which, in 
the United States, a liter costs only 14 to 24 Pfennige (12 Pfennige 
= 14d. English).+ Liénard and Hugon, of Paris, are said to use 
sulphide of carbon.{ An original proposal by Mort and Nicolle, 
which may be regarded as a combination of the above described sys- 
tem with the following, will be considered below. 

Application of Carbonic Acid.—Carbonic acid has been repeatedly 
proposed as an agent for the production of cold. In 1867, a pro- 


* Engineering, 1871,179. Dingl. Pol. Journ., cciii, 191. Pol. Centralbl., 1872, 38. 
+ Deutsche Industriez, 1869, 339. 
t Private communication. 
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visional protection for this principle was taken out in England, but 
the patent was never completed. A priori carbonic acid cannot be 
regarded as a very suitable means for effecting a fall of temperature. 
It has, indeed, in comparison with all other materials hitherto pro- 
posed (except air), the advantage of cheapness, and in contrast to the 
ethers, that of incombustibility, and therefore of freedom from dan- 
ger. The pressure of the liquefied acid is, however, enormous, and 
hence the receivers require to be made very strong, and the connec- 
tions occasion much difficulty. The temperature and tension of liquid 
carbonic acid show the following relations : 

Temp., —60° —30° —15° —5° 0° +10° +15° +380°C. 

4°5 16 25 33 38 46 51 73 

As the temperature at which the carbonic acid is condensed in the 
cooler cannot be lower than + 10° C., the tension is then 30 atmos- 
pheres, and even at — 30° C., a tension of 16 atmospheres would 
ensue. 

At the Vienna Exhibition a peculiar attempt was shown to use 
carbonic acid as a means both for the production of power and of 
cold. The machine was constructed by L. Seyboth, of Vienna, and 
was contrived as follows: 

The carbonic acid, generated from sulphuric acid and iron spar, 
was evolved in a closed receptacle at the pressure of 4 to 6 atmos- 


pheres. 
(To be continued. ) 


THE THEORY OF THE “HOLTZ” ELECTRICAL MACHINE. 


By D. 8. Stroumso, Professor at the University of Athens, Greece.* 


1st. Much doubt still exists in the minds of those who have used 
or investigated the Holtz electrical machine as to the proper explana- 
tion of the development of electricity by its means, and the writer 
now proposes to exhibit the theory of its operation and explain away 
this uncertainty. 

2d. Of course this explanation must be made to be in accordance 
with experiments and with known theoretical principles; and these 
have already established the belief that the rapidity of induction of 


* From Les Mondes, a weekly review ‘of the sciences and their application to arts 


é and industries.—Paris, Feb. 8, 1876. 
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electricity in a body bears a direct relation to its conductivity ; so 

that it will be admitted that glass and similar bodies of imperfect 

conducting power will become electrical by induction more slowly 

than other bodies in which the capability to transmit an electric 

current at higher velocity exists. It follows that if a large plate or 

sheet of glass, V, (Fig. 1), is turned before 

the source of electricity, scarcely any de- 

velopment of the two electric currents upon 

the opposite face* of the glass will become 

apparent, especially if the source of elec- 

tricity is a feeble one; besides, the two 

electricities oppose each other, + @ and —@, 

and are equal. They attract each other and destroy themselves, af- 

ter having passed over the two faces of the plate of glass. 

3d. Imagine, however, that the observer places himself at X, (Fig. 

2), having before him two circu- 
lar plates of glass, A and a, 
placed vertically about one-eighth 
of an inch apart, the radius of A 
exceeding that of a one-fifth. 
The plate A, with a hole in its 
centre, is held fixed and vertical 
by four small caoutchouc rollers, 
e,and before it is the plate a, 
which is carried on an axis, so 
that it can be turned by a crank 
or otherwise at the desired veloc- 

ity of fifteen turns per second. Upon the fixed plate, A, are per- 

forated two openings, or windows, close to the periphery or edge, in 

the line of the horizontal diameter, and each of these openings (on the 

upper edge of one and lower edge of the other) has a strip of paper 

attached to the glass. This strip being about 1} to 2 inches in 

width (the plate A in such case being supposed to be about 2} to 3 

feet in diameter); these are the armatures, and attached to the mid- 

dle of the length of each of them, is a point of paper directed across 

the centre of the openings. 


* The front surface (of a plate of glass) rotated before a source of electricity, is 
charged feebly positively, while the back surface will become feebly negative.— 
* Riess Poggendorff Annalen,”’ cxxxi, p. 215. 
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On the same level as the armatures, and on the opposite end of 
the movable plate a, are placed two combs or toothed plates of metal 
n and n’, which are joined separately by horizontal wires to the balls 
sands’, The ball ¢ is fixed, and the ball s’ can be brought up to or 
removed from it by means of the rod s’z’, which has a handle of 
caoutchouc. The metallic conductors n zs and n’ z’ 8’ are isolated 
and carried on glass feet. 

4th. The machine is put into action by making the contact of the 
two balls s and 8’, and rotating by means of its crank, the movable 
plate a in the direction opposite to the points of paper, having at the 
same time applied for a few moments against the armature M, a strip 
of hard caoutchouc, in which an electric charge has been already 
formed by rubbing it with a hair skin. If the surrounding air atthe 
time is dry, it will not be long (after removing the charging plate) 
before a continuous rustling sound will be heard, which proceeds from 
the reunion of the two electricities between s and s’, and separating 
them gradually, sparks will appear, sometimes seven inches or more 
in length. 

5th. According to Reiss, the development of the two electricities 
of this machine is explained as follows: The strip of caoutchouc 
gives up to the armature M, negative electricity, (Fig. 3). This 
electricity is negative then by in- 
duction upon the plate of glass a, 
and upon the conductor nz at the 
same time, and there is then upon 
the opposite faces of the glass plate 
V, (Fig. 1), the two very feeble cur- 
rents, + 4 and — @, which, as they 
have mutually destroyed each other, could therefore be properly as- 
sumed to have possessed no value in this inquiry. 

A similar result from the negative electricity of the armature M@ 
is produced upon the conductor n z s (excited by induction), giving to 
the ball s, the negative electricity — £, the positive electricity 
+ E having escaped by the points upon the face r r of the plate 
(Fig. 2 and Fig. 3) which carry it away during the movement of the 
plate. 

6th. After a half rotation of the movable plate, the face r r, elec- 
trified positively, + 2, is brought in front of the point n’ of the 
conductor n’ z’ 8’, and the armature W placed upon the opposite side, 
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(Fig. 4). The electric current + Z£ 
yet continues upon the face r r of 
the plate, where it will be observed. 
1st. That the ball s’ receives neg- 
ative electricity. 
2d. That the face rr, of the plate, 
having lost the negative electricity, 
with which it returns, after another half revolution, to its first posi- 
tion before the armature ©. 
7th. This positive electricity, + EZ, producing its inductive effect 
within a very short time, and simultaneously upon the armature J, 
and upon the conductor n’ z’ 8’, it is necessary for the conception of 
the effects to examine them successively. 
The positive electricity, + Z, changes the electrical condition of 
the armature J, repelling the positive electricity + e, (Fig. 5), and 
attracting the negative electricity, 
—e, which is escaping by the point of 
paper attached to the face r’ r’ of the 
plate. At the same time the positive 
electricity, + #’, changes the elec- 
trical condition of the points of n’ and 
of the conductor n’ z’ s’, repelling the 
positive electricity, +2’, upon the bal 
8, where it is collected by the con- 
trary electricity e’ of the ball s,* and attracts the negative electric- 
ity, — EH, which, having escaped by the points n’, will have very 
nearly neutralized the negative electricity —¢, which existed on the 
face r’ r’ of the plate (Fig. 6 and Fig. 7). Thus before the positive 


electricity, -+ e, of the armature WV escapes, and during the brief 
space of time in which it is retained upon the armature J, it will 


* It is for this reason that the balls s and PY are placed in contact, without which the 
electricity, +- E’, passes off by the points »’. 


